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fhe f i r s t  reco rd ed  fo rm a tio n  o f  p y r id a z in e  was by 
fa u b e r  i n  1895(1 ), from phenazone. fhe b a s i s  o f  t h i s  
work was f i r s t l y  o x id a t io n  and then  d e c a rb o x y la t io n  as  
shown below;
<
f h i s  work d id  n o t  g ive  s a t i s f a c t o r y  y i e l d s  and G a b r ie l  
and Colman(2 ) evolved a  new s y n th e t ic  p r e p a r a t io n ,  which 
can be i l l u s t r a t e d  in  i t s  g e n e ra l  co n c e p ts  by the scheme
shown below:
COOH
'fh is  type o f  s y n th e s i s  v &r used to  p re p a re  p y r id a z in e  
i t s e l f  by a  method in v o lv in g  &tx s te p s  from <X-ketc- 
g l u t a r i a  (B) * A nother e a r ly  method o f  s y n th e s i s in g  
p y r id a z in e  was developed by MarqnlB(4) who p rep a red  i t  
i n  60;y y i e l d  from m aleie  dialdehy& e and ex cess  hydraz ine*  
'Jie d i f f i c u l t y  h e r e in  was th e  s y n th e s i s  o f  m a le ie  
d ia ld eh y d e  and in  keep ing  i t  when i t  had been s u c c e s s fu l ly  
p rep a red  •
i’h i e  i s  i n  p r i n c i p l e  one o f  th© s im p le s t  sy n th e se s  
and f o r  t h a t  re a s o n  much work hat: been done on im proving 
the method* J i r s t l y  hoh l & B e rn r e u th e r (5) p rep a red  
p y r id a z in e  i n  80^ y ie ld  u s in g  the s t a b l e  t e t r a e t h y l  a e e t a l  
o i m uleic  diaLdehyde# Bxere h a s  been much subsequen t 
work on th e  p r e p a r a t io n  o f  m a le ie  d ia ld e h y d e ( 6 } , ( 7 ) , ( 8  ) f 
th e  f i n a l  outcome being  th e  p r e p a r a t io n  o f  p y r id a z in e  in  
fo u r  s ta g e s  from dihydro fu r  an (9 )• In th e  work o f  M issoni
and : ^ o e r r i ( 1 0 ) m aleie  anhydride  was used &s s t a r t i n g  
m a t e r i a l  and p y r id a z in e  p re p a re d  a s  shown belowi
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The f i r s t  s ta g e  h a .  p re v io u s ly  been in v e s t ig a te d  by 
C u r t iu s  and P o e r s t e r l i n g ( 1 1 ) and a  h ig h  y i e l d  was c la im ed . 
iPurther work hau g iv e n  in c re a s e d  y i e l d s ( 1 2 )*
On th e  com ple tion  o f  the work h e r e in  d e s c r ib e d ,  a  
s e r i e s  o f  p a p e rs  were p u b lish ed  by Bruey( 1 3 ) , ( 1 4 ) , ( 1 5 ) ,  
( 1 6 ) , ( 1 7 )  and h i s  co-w orkers which gave d e t a i l s  o f  the 
ohem istry  o f  3 : 6 -d ic h lo r o p y r id a z in e  and th e  s im i l a r  3 :6 -  
d ib ro m o p y r id az in e . These p a p e rs  a l s o  gave new s y n th e s i s  
o f  p y r id a z in e  and 6-p y rid azo n es#  The m e th y la t io n  o f  
c e r t a i n  compounds o f  t h i s  s e r i e s  was examined and a  new 
rea rran g em en t noted* The u l t r a  v i o l e t  s p e c t r a  o f  th e se  
oongtounds were a l s o  s tu d i e d (18)* P rev io u s  to  t h i s ,
however, the  only work done on 3 -h a lo g e r ip y r id a z in e s  was 
t h a t  done by Grundmann(1 9 ) ,  and in d ep en d en tly  by Anderson 
(20)* The p r e p a r a t io n  o f  3 - c h lo r o p y r id a z in e  had a l s o  
been r e p o r te d  by Evans and V ,ise log le(21) •
The main o b je c t  o f  the f i r s t  p a r t  o f  t h i s  t h e s i s  
became the study o f  th e  h y d ro g en a t io n  o f  3 ; 6- d i c h lo r o -  
p y r id a z in e  u s in g  a  v a r ie ty  o f  c a t a l y s t s *
C e r ta in  r e a c t i o n s  o f  3 : 6-d ic h lo r o p y r id a z in e  were a ls o  
examined i n  o rd e r  to  e l u c id a t e  abnormal r e s u l t s  o b ta in e d  
i n  the  c a t a l y t i c  h y d ro g en a t io n  experim ents*
Some o f  the work done i n  t h i s  p a r t  o f  th e  t h e s i s  was 
confirm ed in d e p e n d en t ly  by the  work o f  Bruey*
DISCUSSION
M izzoni and S p o e r r i ' s  s y n th e s i s  o f  p y r id a z in e  
a p p e a rs  to  be th e  b e s t  o f  th o se  surveyed* In  an  e f f o r t  
to  p re p a re  p y r id a z in e  by a  method an a lag o u s  to  t h e i r s ,
3 : 6- p y r id a z in e d io l  was p rep a re d  by both th e  methods 
u s u a l ly  employed. I t  was found t h a t  a  m o d i f ic a t io n  o f  
th e  method o f  C u r t iu s  and i ’o e r s t e r l i n g d l ) fo r  th e  p r e ­
p a r a t i o n  o f  3 :6 - p y r id a z e d io l  gave the b e s t  r e s u l t s ,  a  
y i e l d  o f  85/o being  o b ta in e d  i n  t h i s  way* 23iis m a te r i a l  
was c h lo r in a te d  by phosphorus o x y e h lo r id e  by a method 
somewhat d i f f e r e n t  from t h a t  o f  Mizzoni and S p o e r r l .  
f h i s  m o d if ic a t io n  gave a com parable y i e l d ,  though a  
s h o r t e r  r e a c t i o n  p e r io d  was employed. fhe  p ro d u c t  was 
p u r i f i e d  by c r y s t a l l i s a t i o n  from p e tro le u m  to g iv e  3 :6 -  
d ic h lo ro p y r id a z in e  of m .p. « 68°C. I t  i s  o f  i n t e r e s t  
to  n o te  t h a t  a  sm all f r a c t i o n  was l e s s  s o lu b le  i n  th e  
p e tro le u m  used f o r  the main bu lk  and t h a t  on c r y s t a l l i s ­
a t i o n  from a  h ig h e r  p e tro le u m , a  w h ite  s o l i d  m .p. 150- 
151°C was o b ta in e d .  I t  was a t  f i r s t  co n s id e red  t h a t  
t h i s  was a  p a r t i a l l y  c h lo r in a te d  p ro d u c t ,  b u t  th e  a n a l y s i s  
f i g u r e s  d id  n o t  su p p o r t  t h i s  c o n te n t io n .  I t  th u s  
seemed p ro b ab le  t h a t  t h i s  compound had been  d e r iv e d  
from some Im p u ri ty  p r e s e n t  i n  the m ale ie  hy dr a s id e .
I h i s  was q u i te  l i k e l y  when one c o n s id e re d  the p a p e r  
by C u r t iu s  & i t o e r s t e r l i n g  on the  p r e p a r a t io n  o f  m ale ie  
h y d ra z id e .
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However, l a t e r  r e f e r e n c e  to  the  work o f  Druey showed 
t h a t  t h i s  compound co rresponded  to  t h a t  which he had 
found p r e s e n t  in  3 :6 - d ic h lo ro p y r id a z in e  and to which he 
had a s c r ib e d  th e  form ula shown below.
Cl
N— IH
f h i s  was shown by hruey to  cause  a  peak in  th e  In fra -B ed  
spectrum  o f  3 : 6- d ic h lo r o p y r id a z in e  which h as  n o t  been 
r ig o ro u s ly  c r y s t a l l i s e d .  I t  h as  however been found t h a t  
3 : 6-d ib ro m o p y rid az in e  as  norm ally  p rep a red  does n o t  show 
a  s im i l a r  peak . rUie r e l e v a n t  i n f r a  red  g raphs  a re  shown 
o v e r l e a f .
V
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A number o f  a t te m p ts  were now made to  reduce  3 :6 -  
d ic h lo ro p y r id a z in e  by a v a r i e ty  o f  c a t a l y t i c  m ethods.
The methods employed were n o t  s u c c e s s f u l ,  b u t  t h e i r  
s tudy  threw c o n s id e r a b le  l i g h t  on th e  beh av io u r  o f  3 : 6 -  
d ic h lo ro p y r id a z in e .  The methods used a re  d e t a i l e d  
below*
1* A s o lu t io n  o f  the m a te r ia l  i n  e th a n o l  was shaken
w ith  a  p a l la d iu m -s tro n t iu m  c a rb o n a te  c a t a l y s t .
The on ly  p ro d u c t ,  o b ta in ed  i n  a lm o s t t h e o r e t i c a l  
y i e l d ,  was 3 -ch lo ro -6 -e th o :sy p y r id az ln e*
£• Die u s u a l  method o f  r e d u c t io n  u s in g  Raney n i c k e l
in  e th a n o l  was u se d .  In  t h i s  ca se  no hydrogen 
a b s o rp t io n  o ccu rred  and the only  p ro d u c t  i s o l a t e d  
was 3 - e h lo ro -6 -e th o x y p y r id a z in e .  The Raney 
n i c k e l  on t e s t i n g  was Ibund a l k a l i n e .
3* The r e d u c t io n  was t r i e d  u s in g  p a llad iu m  b la c k  a s  
o a t a l y s t  and e th a n o l  as s o lv e n t .  The a b s o rp t io n  
o f  hydrogen  was ra p id  and the r e a c t io n  had to  be 
stopped  when th e  c a lc u l a t e d  amount had been 
ab so rb ed , o th e rw ise  hydrogen  a b s o rp t io n  co n t in u ed  
showing t h a t  r i n g  breakdown was p robab ly  o c c u r r in g  
and t h a t  p a l lad iu m  b lack  c a t a l y s t  caused  too 
v ig o ro u s  a  r e d u c t io n .  Ifo p y r id a z in e  was i s o l a t e d  
a l th o u g h  a pmall amount o f  i t s  p i c r a t e  was i s o l a t e d  
from a s p o t  t e s t  of 1h e  e th a n o l  s o l u t i o n .
4 . She r e d u c t io n  was c a r r i e d  o u t as  above b u t  th e  
r e a c t i o n  was stopped when th e  volume n ec essa ry  
f o r  th e  removal o f  only one c h lo r in e  atom had 
been ab so rb ed . P y r id a z in e  p ic  r a t e  was a g a in  
y ie ld e d  i n  a  spo t t e s t  b u t a  c o n s id e ra b le  amount 
o f  3 : 6- d ic h lo r o p y r id a z in e  was a l s o  p re se n t*
Thus under th e se  c o n d i t io n s  the r e a c t i o n  seems 
to  go too v ig o ro u s ly  and i n d i s c r im in a t e l y .
5 . D eha logena tion  by th e  method o f  McOmie & W hite(22) 
was a lso  u n s u c c e s s f u l .
6 . In  a  f u r t h e r  a t te m p t  to reduce th e  m a te r i a l  red  
phosphorus and c o n s ta n t  b o i l i n g  h y d r io d ic  a c id  
were u se d .  She only  p ro d u c ts  o f  t h i s  r e a c t i o n  
were a  sm all amount o f  p y r id a z in e  ( i d e n t i f i e d  as  
p ic  r a t e )  and 3 - io d o p y r id a z in e  ( s o l i d ) .  This 
io d o p y r id a z in e  gave no p i c r a t e  and y e t  when k ep t 
i n  e th a n o l  s o lu t io n  f o r  some days l o s t  io d in e  to  
y i e l d  p y r id a z in e .  T h is  i s  the f i r s t  monoiodo- 
p y r id a z in e  reco rded  and i t s  s t a b i l i t y  i n  e th a n o l  
should  be compared to  th e  a lre a d y  no ted  3~ c h lo ro -  
p y r id a z in e .  The p y r id a z in e  produced was ag a in  
i d e n t i f i e d  a s  i t s  p i c r a t e .
7 .  An a t te m p t  was n e x t  made to  reduce  3 : 6- d i c h lo r o -  
p y r id a z in e  u s in g  p a l lad iu m  c h a rc o a l  a s  c a t a l y s t  
i n  e th a n o l  in  the p re se n c e  o f  b a ry ta  s o lu t io n .  
A gain  e th a n o l ic  rep lacem en t occu rred  r a p id ly  to  
y i e l d  3 - e h lo r o - 6-e  th o x y p y r id a z in e .
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8 . Using n e u t r a l  lianey n ic k e l  i n  e th a n o l  i n  p re se n c e  
o f  magnesium oxide i t  was tbund t h a t  no hydrogen­
a t i o n  o c c u rre d .  I t  was a l s o  found t h a t  no 
e th a n o l i c  rep lacem en t o c c u rre d .
Qiese r e d u c t io n  methods v;ere th u s  u n s u c c e s s fu l  a s  
p r e p a r a t iv e  m ethods, b u t they  d id  su g g e s t  two t h i n g s .  
IP i r s t ly ,  t h a t  the p y r id a z in e  r i n g  may be broken  by too 
v ig o ro u s  r e d u c t io n  w ith  p a l la d iu m  b la c k ,  and seco n d ly , 
t h a t  th e  ch lo ro  groups o f  3 : 6- d ie h lo r o p y r id a z in e  bhow 
marked c a t io n o id  r e a c t i v i t y .
In  th e  f i n a l  experim ent i t  had been dem onstra ted  
t h a t  w ith  magnesium ox ide  a s  b a s e ,  th e  u s u a l  e th a n o l i c  
rep lacem en t d id  no t o cc u r .  The r e d u c t io n  was th e r e f o r e  
r e p e a te d  u s in g  p a l lad iu m  b la ck  c a t a l y s t  i n  e th a n o l  and 
i n  p re se n c e  o f  magnesium o x id e .  The a b s o rp t io n  o f  
hydrogen was t h e o r e t i c a l  i n  th r e e  h o u r s .  On working 
up th e  m a te r i a l  i t  was found im p o ss ib le  to o b ta in  
p y r id a z in e  due to th e  fo m a t  ion o f  a  s t a b l e  magnesium 
c h lo r id e  complex. A ll  a t te m p ts  to  b reak  t h i s  were 
u n s u c c e s s fu l  and the  method, a s  one o f  p r e p a r a t iv e  
I n t e r e s t ,  had to  be abandoned.
A ttem pts  to  reduce th e  compound a t  o rd in a ry  
p r e s s u r e s  u s in g  p a l lad iu m  b lack  in  m e th y la c e ta te ,  e t h e r ,  
and benzene were a l s o  u n s u c c e s s fu l .  In  each case  th e  
base used was magnesium o x id e .  These s o lv e n t s  were 
chosen in  an a t tem p t to reduce  t i e  s o l u b i l i t y  o f  th e  
magnesium c h lo r id e  produced end hence to  avoid th e
10 **
complex ro ta tio n *  in  e l l  Q & m B  l i t t l e  or no hydrogen 
absorption oooarrod*
fho r e a c t io n  o f  3 ;0 -d lc h lo ro p p r i tU iS ln e  ^ t t h  
a l c o h o l i c  c a u s t i c  a lk a l i  b&s examined f and i t  v?ae found 
p o s s i b l e  to c o n v e r t  th e  compound to  om  o f  th e  g e n e ra l  
fo rm a l*  i>-ala:o2£^-6» o h lo ro -p ^ r id as iin o «  j& ie  ism  t r u e  
fox  th e  a l c o h o ls  e th a n o l ,  n -p ro p a n o lf iso p ro p an o l*  
i&Xond p ro p an o l i n  the  s e r i e s ,  t h e r e  tsae no r e a c t i o n  
under  th e  m ild  © xperlm eatal c o n d i t io n s  used* She 
r e a c t i o n s  ¥ « re  re p o u te d  aiding th e  r e a c t i o n  o f  a  d i l u t e  
aqueous s o lu t io n  o f  sodium b ic a rb o n a te  on an a l c o h o l ic  
s o lu t io n  o f  the  compound, 8 i ( M lc h lo r o p ^ r  idag ine*
Again th e r e  u a s  a  r a p id  r e a c t i o n  and p ro d u c ts  # w e  
a g a in  i s o l a t e d  i n  h igh
The r e a c t i o n ,  under ana logous c o n d i t i o n s ,  o f  the  
s im p le s t  a l c o h o l ,  mo then o l ,  was somewhat d i f f e r e n t *
The p ro d u c t  wue 3 ; 6~dlrae th  ox£ p g r  i  d a d  no •
TtOH + /Ve o/y
/V— /v
/?0// * Ha MCOjfay*.). yV— /V‘
N olO H N clHCOS  >
7? as 2 " - £r*yi*
IT  - 'P ftoP jL  ( r ? )  
jE  r Tkapji ( /S6 )
P?eO H m e  o h
/ V = / f
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Hhe f i r s t  p ap e r  by Druey and h i s  eo-w orkers was p u b lis h e d  
s h o r t ly  a f t e r  com pletion  o f  our i n v e s t i g a t i o n  o f  3 :6 -  
d ic h lo ro p y r id a z in e ,  and m entions t h i s  a c t i v i t y  b u t  g iv e s  
th e  im p re s s io n  t h a t  much more d r a s t i c  c o n d i t io n s  are 
n e c e ssa ry  f o r  t h i s  r e a c t i o n .  2h i 8 paper  a l s o  m entions 
th e  p o s s i b l e  use o f  th e se  compounds a s  a n t i-sp a sm o d ic  
drugs.
J?rora our work i t  seems t h a t  beyond p ro p an o l th e  
more v ig o ro u s  c o n d i t io n s  m entioned by Druey, M eier and 
K ichenberger(13) a re  n ec essa ry  f o r  th e  fo rm a tio n  o f  
compounds o f  t h i s  ty p e .
I t  was l a t e r  found t h a t  t h i s  tyx>e o f  h a lo g en  r e ­
placem ent a lso  o c c u r r e d  u s in g  only a  c a t a l y t i c  amount 
o f  c o n c e n tr a te d  s u lp h u r ic  a c id  i n  p la c e  o f  the  above 
mentioned a l k a l i s .  The r e a c t i o n  was however much 
slow er y and the only  p ro d u c t  i s o l a t e d  was 3 s 6-dim ethoxy-  
p y r id a z in e  formed under th e s e  c o n d i t io n s  by th e  a c t io n  
o f  m ethano l. In  a l l  o th e r  o ases  how evert haLogen r e ­
placem ent d id  o cc u r ,  a s  ^iown by t e s t i n g  w i th  s i l v e r  
n it r a t e .
2hus i t  h a s  been shown t h a t  i t  i s  p o s s ib le  to  
re p la ce  one o r  bo th  ch lo ro  groups o f  3 ;6 - d ic h lo ro p y r id -  
azin e  by alkoxy g ro u p s , u s in g  e i t h e r  d i l u t e  a l k a l i  a s  
r e a g e n t  o r  a c a t a l y t i c  amount o f  c o n c e n tra te d  m in e ra l  
a c id .  T h is  f a c t  sheds much l i g h t  on th e  f a i l u r e  o f  
many o f  th e  methods o f  r e d u c t io n .  In  any a t tem p ted
•  V
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s o lu t io n s  o f  s t r o n g  a l k a l i s
xone l>ion til 11  occu r xap id  ly  to  y 1 e ld  3**ci$ilore**o** ethorp** 
p y r id a z in e *  I f  however, no a l k a l i  I s  p r e s e n t ,  a s  In  
th e  p r e p a r a t io n  o f  p y r id a * ln e  under n o r m l  p r e s s u r e s  by 
Mizzoni I  E p o o r r i (1 0 ) ,  th e n ,  a t  b a s t ,  a  low y i e l d  may 
w e ll  r e s u l t ,  s in c e  a s  r e d u c t io n  o c c u rs  a  s t r o n g  m in e ra l  
a c id  i s  p roduced , w hich , we 
hydrogen  rep lacem ent*
•Jho halogen ac tiv ity  o f  3 ;6~dichloropyrIdas ino was 
fh rther examined with respect to  emioes* I t  was found 
th a t the compound did not reac t with aqueous anraonla* 
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A r a t h e r  u n u su a l  type o f  r e a c t i o n  was found to  occur
w ith  bo th  3 : 6- d im e thos^py ridaz ine  and 3- c h l o r o - 6- e th o x y -
p y r id a z in e .  fhese  compounds were t e s t e d  w ith a n i l i n e .
I t  was found t h a t  3 : 6-d im e th o x y p y rid az in e  r e a c te d  when
h ea ted  to  ab o u t 140°C to  y ie ld  3 ;6 - d i a n i l i n o p y r id a z in e .
On th e  o th e r  hand when 3 - c h l o r o - 6- e th o x y p y rid a z in e  was
oh e a te d  w ith  a n i l i n e  a t  abou t 100  C# a  r a p id  r e a c t i o n  
o ccu rred  to  y i e l d  3 - a n i l i n o - 6 - c h lo r o p y r id a z in e .  f h i s  
showB t h a t  the  ethoxy group i s  more r e a d i ly  r e p la c e d  
than  c h l o r i n e .  bhen 3- a n i l i n o - 6- c h lo r o p y r id a z in e  was 
t r e a t e d  w ith  a  f u r t h e r  m olecule o f  a n i l i n e ,  r e a c t i o n  
o ccu rred  a t  a tem p era tu re  o f  about 140° C to  y i e l d  3 :6 -  
d i a n i l i n o p y r  id ax i n e .
f h i s  i s  the  f i r s t  in s ta n c e  o f  t h i s  r e a c t i o n  i n  the  
p y r id a z in e  r i n g  system . A somewhat s im i la r  a c t i o n
-  14
h a s  however been reco rd ed  f o r  the p y r im id in e  r i n g  
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3 : 6-D ic h lo ro p y r id a z in e  was a l s o  found to  r e a c t  w ith  an 
ex cess  o f  h y d ra z in e  h y d ra te  (lOO/o) i n  m ethanol as s o lv e n t .  
Sh is  r e a c t i o n  y ie ld e d  a  w hite  s o l i d ,  which was shown by 
a n a l y s i s  to be 3 - c h lo r o -6 -h y d ra z in o p y r id a z in e .
f h i s  new compound gave c r y s t a l l i n e  d e r i v a t i v e s  w ith  
a  v a r i e ty  o f  ca rb o n y l compounds. For example, benz- 
aldohyde when added to an  e th a n o l ic  s o lu t io n  o f  3 -e h lo ro -  
6-h y d ra z in o p y r id a z in e  gave a  yellow  p ro d u c t  which on 
c r y s t a l l i s a t i o n  from g l a c i a l  a c e t i c  a c id  gave yellow  
n e e d le s ,  m .p . 242°C ( d e c . ) .  In  a  s im i l a r  r e a c t io n  
cyclohexanone y ie ld e d  cream m i c r o - c r y s t a l s  from aqueous 
a c e t i o ,  m .p. 153-154°C, and ace to n e  y ie ld e d  cream b la d e s  
from aqueous m ethano l, m.p* « 157°C. rIhe r e a c t io n  
scheme shown below was supported  by th e  a n a l y s i s  o f  
a l l  th e  compounds.
-  15 -
Since t h i s  g iv e s  c r y s t a l l i n e  d e r i v a t i v e s  w ith  even *81 e 
s im ple c a rb o n y l compound a c e to n e ,  i t  does r e p r e s e n t  a  
f a i r l y  good r e a g e n t  fo r  th e  i d e n t i f i c a t i o n  o f  ca rb o n y l 
corapounde*
In  a  f i n a l  e f f o r t  to  p re p a re  3 - c h lo ro p y r id a z in e  and 
p y r id a z in e  i t s e l f  3 ; 6- d ic h lo r o p y r id a z in e  was c o n v e r ted  to  
3 -c h lo ro -6 -m e rc a p to p y r id a z in e ( l3 )  and 3 : 6 - dimer cap to -  
p y r id a z in e ( 1 3 ) .
3 - C h lo r c - 6-m ercapto p y r id a z in e  was p rep a red  by th e  
a c t i o n  o f  th io u r e a  on an aqueous a lc o h o l  s o l u t i o n  o f  3; 6-  
d ic h lo r o p y r id a z in e .  lihe th io u r e a  p ro d u c t  was decomposed 
by b o i l i n g  i n  aqueous a l& a l i  to  y i e l d  3 -c h lo ro -6 -m e rc a p to -  
p y r id a z in e .
3 :6 -h im e rc a p to p y r id a z in e  was p re p a re d  by th e  a c t io n  
o f  phosphorus p e n ta s u lp h id e  on 3 ; 6~ d ih y d ro x y p y r id a z in e
16 -
d isso lv e d  i n  p y r i d i n e (2 4 ) .
With both th e  above compounds removal o f  su lp h u r  by 
means o f  a  Mozingo r e a c t io n  met w ith  no success*  Thus 
we wore u n s u c c e s s fu l  in  p r e p a r in g  p y r id a z in e  by 'Bie above 
method*
This same type  o f  d i f f i c u l t y  was experienced  by 
Boarland, McOmie & firmis(25) i n  t h e i r  a t te m p ts  to  de­
su lp h u rise  8 : 4 - d l t h i o u r a c i l .  These w orkers  have n o ted  
th a t a c r i t i c a l  f a c t o r  i n  th e s e  d e s u lp h u r i s a t io n s  i s  th e  
pH value o f  th e  s o lu t io n  u sed .
A ttem p ts  were made to  p re p a re  th e  ana logous compound 
3 : 6~ dibroraopyridazine  by a v a r i e t y  o f  methods* The f i r s t  
mettiod employed was to  r e f l u x  m a le ic  h y d ra z id e  w ith  
phosphorus tr ib ro in ide*  The tim e o f  r e f l u x  was v a r ie d  aud, 
a s in  the p r e p a r a t io n  o f  3 : 6 -d ic h lo ro p y r id a z in e ,  th e  e f f e c t  
o f  adding  d im e th y la n i l in e  was i n v e s t i g a t e d .  I t  was found 
th a t th e  a d d i t i o n  o f  d im e th y la n i l in e  was n o t  b e n e f i c i a l  to  
the r e a c t i o n .  A ttem pts to  c a t a l y s e  th e  r e a c t i o n  by the  
a d d itio n  o f  io d in e  a s  a  h a lo g en  c a r r i e r  were u n su c ce ss fu l*
The method used by Druey and h i s  c o -w o rk e rs (13) was 
f in a l ly  used to  p re p a re  t h i s  compound. A ttem pts  were now 
made to  t e s t  th e  c a t io n o id  a c t i v i t y  o f  t h i s  compound.
Mien 3 ; 6-d ibroraopyrid& zine was d is s o lv e d  i n  e th a n o l  
and t r e a t e d  with, the  c a lc u la te d  amount o f  a l k a l i  i n  the  
c o ld ,  h a lo g en  was re p la c e d  to y ie ld  3-brom o-6- e thoxy-  
p y r id a z in e *  Again th e  h a lo g e n  rep lacem en t was shown to
-  17 -
o ccur much more r e a d i ly  than  was suggested  by Druey and 
h i s  eo~worlcere*
I t  was a g a in  found im p o ss ib le  to  b r in g  abou t r e a c t i o n  
o f  3 : 6-d ib ro m o p y rid a z in e  w ith  ammonia a t  o rd in a ry  p r e s s u r e ,  
ivhen r e f lu x e d  w ith  a n i l i n e  i n  th e  p rese n ce  o f  sodium 
c a rb o n a te ,  3 -a n il in o -6 -b ro m o p y r id a z in e  was ob ta ined*
3-iirorao-6-h y d ra z in o p y r id a z in e  was p rep a red  by th e  a c t io n  
o f  h y d raz in e  h y d ra te  on 3 : 6-d ib ro m o p y r id a z in e .  A c y c lo -  
hexanone d e r iv a t i v e  o f  the  r e s u l t i n g  compound was a ls o  
p repared*
I t  was a l s o  found p o s s ib le  to  condense o - n i t r  a n i l i n e  
w ith  3 : 6-d ib ro m o p y rid a z in e ,  by h e a t in g  th e s e  compounds 
to g e th e r  w ith  a  t r a c e  o f  sodium c a rb o n a te  to a  te m p era tu re  
o f  160°C. 33ius th e  a c t io n  o f  3 : 6-d ib ro m o p y rid az in e  
tow ards a n in e s  seems somewhat s im i l a r  to  t h a t  o f  3 ;6 -  
d i c h lo r o p y r id a z in e ; ex c ep t t h a t  i t  I s  p o s s i b l e ,  i n  t h i s  
c a se  to  condense 3 : 6-d ib ro m o p y rid a z in e  w ith  o - n i t r a n i l i n e *  
I t  i s  a l s o  o f  i n t e r e s t  to n o te  t h a t  a t  no time was i t  
found p o s s ib le  to  r e p la c e  bo th  bromine g ro u p s , under normal 
p re s s u re s *
A/
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2hus I t  was shown t h a t  the  ch em is try  o f  th e se  3 :6 -  
d ih a lo g e n o p y r id a z in o s  was composed m ainly o f  r e a c t i o n s  
w here in  rep lacem en t of  c h lo r in e ,  o r  brom ine, occurred#
She r e s e a r c h  a l s o  shows th e  extreme ea se  w ith  which t h i s  
rep lacem en t o ccu rs  ^ i t h  th e  s i  p ie  a le o h o ls  and amines*
I t  th u s  ap p ears  t h a t ,  a l th o u g h  th e  s y n th e s i s  o f  
p y r id a z in e  h a s  been accom plished by red u c in g  3 ; 6- d i e h l o r o -  
p y r id a z in e ,  much c a re  i s  n ecessa ry  i n  such a  r e d u c t io n  
due to  the extreme r e a c t i v i t y  o f  the h a lo g en  atom s.
I t  a l s o  seems t h a t  th e  l i t e r a t u r e  g iv e s  a  m is tak en  
id e a  o f  th e  r e a c t i v i t y  o f  th e s e  h a lo g e n  g ro u p s . In  t h i s
work i t  h a s  been shown t h a t  one o f  the  c h lo r in e  atoms i s  
very  e a s i l y  re p la c e d  in d e e d ,  though much more d r a s t i c  
c o n d i t io n s  a re  u s u a l ly  n e c e s s a ry  f o r  th e  double rep la cem en t 
to occu r .
-  19 -
3 : 6- f y r i d a z i n e d l o l *- U ale ic  anhydride  (196 g •) was 
d is s o lv e d  i n  g l a c i a l  a c e t i c  a c id  (200 ml*)* H ydrazine 
h y d ra te  (100$) (122*5 g * ) was added dropw ise w ith  
m echan ica l s t i r r i n g ,  th e  v ig o u r  o f  1h e  r e a c t io n  be ing  
c o n t r o l l e d  by c o o l in g  the  m ix tu re  i n  w ater*  The y e l lo w  
s o l id  th u s  o b ta ined  c o n s is te d  o f  a  v a r i e t y  o f  p roduc ts*
T his m ix tu re  was made i n to  a  s lu r r y  with w ate r  and h ea ted  
on a  steam  b a th ,  w ith  a d d i t io n  o f  e th a n o l  u n t i l  s o lu t io n  
was e f f e c te d *  The s o lu t io n  was now h ea ted  f o r  a  f a r t h e r  
t h i r t y  m inu tes  and th en  allow ed to c r y s t a l l i s e *  S h is  
y ie ld e d  g : 6-P y r id a z ln e d io l  a s  a w h ite  s o l i d  m*p. 298°0 
(d a rk en in g  a t  280°C) (190.48  g .  85 $ ) .
3 :6 - D ic h lo r o p y r id a z in e *- 3 : 6- P y r id a z in e d io l  (56 g . ) was
d is s o lv e d  i n  phosphorus o x y c h lc r id e  (350 g * ) and th e  whole 
was m echan ica lly  s t i r r e d  and h ea ted  a t  100°C, under 
ahhydrous c o n d i t io n s  f o r  two hours* A b la ck  v isc o u s  
m a te r i a l  was th u s  o b ta in ed  from which ex cess  o f  phosphorus 
o x y c h lo r id e  was removed by vacuum d i s t i l l a t i o n  a t  60°C. 
Towards th e  end o f  the d i s t i l l a t i o n  w h ite  n eed le  c r y s t a l s  
were to be seen on th e  c o o le r  upper s u r fa c e s  o f  th e v e s s e l .  
The r e s i d u e s  were poured i n t o  co ld  w ate r  and th e  r e s u l t i n g  
s o lu t io n  was then  n e u t r a l i s e d  w ith  c a u s t i c  soda s o lu t i o n  
(5 If) to  y i e l d  o f f  w hite  c r y s t a l s .  liecry s t a l l i s a t i o n  o f  
th e se  from pe tro leum  e th e r  (4 0 -60 /60 -80  m ix tu re )  gave 
3 : 6-D ic h lo ro p y r id a z in e  a s  w hite  n e e d le s  m.p* 6 8°0
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(4 8 .4  g .  65fo)* E x t r a c t io n  o f  the r e s i d u a l  a l k a l i n e  l i q u o r s
w ith  e th e r  y ie ld e d  a  f u r t h e r  crop  which on r e c r y s t a l l i s ­
a t i o n  a s  above gave m.p. 68° G (3 .7  g .  byo) • Some o f  th e  
c ru d e  p ro d u c t  was in s o lu b le  i n  Hie s o lv e n t  used  and was 
l a t e r  r e c r y s t a l l i s e d  from p e tro leu m  e t h e r  (1 0 0 / 1 2 0 ) to  
g iv e  w h ite  n e e d le s  m.p. 150-151°0 (Found C* 39.16*
H* 1 . Go * ff* £.:. • o /6) .
3 s6- Dlmethoxy p y r i d a z i n e 3 :6 -D ic h lo ro p y r id a z in e  (1 .5  g . ) 
i n  m ethano l (3  m l . )  was added to  a  s l i g h t  e x c e ss  o f  a  
c o n c e n tra te d  s o lu t io n  o f  p o tass iu m  hydrox ide  i n  m ethano l.
The m ix tu re  which i  rimed l a t e l y  became re d  i n  c o lo u r  was 
allow ed to  s tan d  fo r  t h i r t y  m in u te s  and was then  f i l t e r e d  
f r e e  from p o ta ss iu m  c h l o r id e .  The f i l t r a t e  was th en  
poured i n t o  w ater  and the m ix tu re  th en  e x t r a c te d  with, e t h e r .  
The e x t r a c t  y ie ld e d  a  w h ite  s o l i d  which a f t e r  cry s t a l l i e a t i o n  
from p e tro le u m  e t h e r  (40 /60) gave 3 : 6- D im ethoxypyridazine 
as w h ite  p l a t e l e t s  m.p. 105°C (1 .3  g .  90^) (Found: G,
5 1 .1 6 :  H, 5 .4 9 :  B* 1 9 .5 .  C6HQ02B2r e q u i r e s  C, 5 1 .4 2 :
H, 5 .7 5 :  H, 1 9 .9 9 ^ ).
T his  experim en t was re p e a te d  u s in g  3 d rops  o f  concen­
t r a t e d  s u lp h u r ic  a c id  a s  c a t a l y s t  i n s t e a d  o f  th e  a l k a l i .
T h is  gave 3 : 6- jf tm ethoxypyridazine m .p. 105°C (0 .9  g* 6 0 ^ ) .
3 -  Ohio r o - 6-e thoxy  p y r id a z in e . -  3 : 6- Dichlo ropy r i d a z i n e  ( 1 .5 g . )  
d is s o lv e d  in  e th a n o l  (3 m l . )  was added to a  s l i g h t  e x c e ss  
o f  a  c o n c e n tra te d  s o lu t io n  o f  p o ta ss iu m  hydrox ide  i n  
e t h a a o l .  The so lu t io n *  which became red  i n  co lour*  was
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a llow ed  to  s ta n d  fo r  t h i r t y  m inu tes  and was th en  f i l t e r e d  
f r e e  from p o ta ss iu m  c h lo r id e *  flhe m ix tu re  was poured 
i n t o  w a te r  and e x t r a c t e d  w ith  e ther*  Ihe e x t r a c t  y ie ld e d  
a  v h i t e  s o l id  which a f t e r  re  c r y s t a l l i s a t i o n  from p e tro leu m  
e th e r  (40 /60 ) gave 3 -0 h lo ro -  O -e thozypyridaz lne  a s  w h ite  
n e e d le s  nup . 59-62°0 (1*43 g .  9Cfys) (Pound: Uf 17*46. 
0 5 2 7 0 8 2 0 1  r e q u i r e s  fl, 1 7 .6 7 ^ ) .
3 -  Ohlor 0- 6- e  thoxy py r  id az ine  * -  S h is  was i s o l a t e d  i n  good 
y i e ld  from an a ttem p ted  r e d u c t io n  o f  3 : 6- d ic h lo r o p y r id a z in e  
u s in g  Haney n ic k e l  i n  e th a n o l  even  when no a l k a l i  a s  such 
was p re s e n t*
3 -Q h lo ro -6 -e th o x y p y r id a z in e *- ' ih is  compound was a l s o  
produced when h y d ro g en a t io n  was a t  t e  rap ted  u s in g  p a l lad iu m  
on s t ro n t iu m  c a rb o n a te  (5£>) a s  th e  c a t a l y s t*
3~O hloro - 6-e th o x p p y r id a z in e  . -  i h i s  compound was f i n a l l y  
p re p a re d  i n  a  y i e l d  o f  90/o by th e  a c t i o n  o f  d i l u t e  sodium 
c a rb o n a te  s o lu t io n  on a  s o l u t i o n  o f  th e  3 ; 6- d ic h lo r o -  
p y r id a z in e  i n  e thano l*
3-»Qhloro-6-propoxypy rlda& ine *- 3 : 6- h i  c h ic  ropy r id a z  in e  
(1*3 g * ) was d is s o lv e d  in  n -p ro p a n o l  (3 m l . ) and was added 
to  a  a l i g h t  e x c e ss  o f  a  s o lu t io n  of  p o ta s s iu m  hydro x id e  
i n  n -p ro p a n o l .  She s o lu t i o n  was allow ed to s ta n d  fo r  
t h i r t y  m in u te s  and was th e n  poured i n t o  w ater*  fhe aqueous 
s o lu t io n  was th e n  e x t r a c te d  w ith  e th e r  and t h i s  e x t r a c t  
y ie ld e d  a  w h ite  s o l i d .  C r y s t a l l i s a t i o n  from p e tro leu m  
e t h e r  (4 0 /6 0 )  gave 3 -C h lo ro - 6- p ro p o x y p y rid az in e  a s  w h ite
n e e d le s  m .p. 69°C (1 .38  g* 80^) (Jtound: U, 16.34 
C7H9 QU2 CI r e q u i r e s  I ,  1 6 .2 4 ^ ) .
3 - C h lo ro -6*1sopropoxypyr 1 dazine ♦ -  She above ex p e rim en t 
was r e p e a te d  u s in g  iso p ro p a n o l  in s t e a d  o f  n -p ropano l*
3 h is  y ie ld e d  5-»C hloro-6-isopropoxypyrldaz ine  a s  w h ite  
n e e d le s  m.p. 83-84°C (Y ield  * 80J&) (I'ound: C, 48*73;
H, 5 .2 6 ;  ff, 1 6 .1 3 .  C ^O H gC ! r e q u i r e s  0 f 4 8 .7 1 ;  H, 5 .2 6 ;
II f 16 • 24)t) •
3 - 0 h lo r o - 6 - t e r t i a r y b u to x y p y r id a z in e . -  3 iS -P ic h lo ro p ^ r id -  
a z in e  (1 .5  g . ) was d is s o lv e d  in  a sm a ll  amount o f  t e r t i a r y  
b u ty l  a lc o h o l  (3 m l.)  and added to a  sm a ll ex cess  o f  a  
s o l u t i o n  o f  p o ta ss iu m  hydrox ide  in  t e r t i a r y  bu tano l*
She s o lu t io n  became s l i g h t l y  red  i n  c o lo u r  b u t  on working 
up i n  the  manner above d e s c r ib e d  the  only  p ro d u c t  was 
3 : 6- d ic h lo r o p y r id a z in e  (1 .35  g .  9 0^ ) .
3 i6 - I f ta n i l in o p y : r ld a z in e . -  3 :6 - £ ic h lo r o p y r id a z ln e  (1*0 g . ) 
was d is s o lv e d  in  a n i l i n e  (1*24 g . ) and t i e  m ix tu re  was 
h e a te d  i n  an o i l  b a th  to  a  tem p era tu re  o f  138°C. A 
b r i s k  e f f e rv e s c e n c e  o c c u rre d .  On c o o l in g ,  a  ye llow  s o l id  
was o b ta in e d .  (This was washed w ith  d i l u t e  sodium 
c a rb o n a te  and c r y s t a l l i s e d  from e th a n o l  t» y i e ld  3 :6*  
D la n i l ln o p y r i  d a z in e  as  y e l lo w  p l a t e l e t s  m*p. 237°C 
(1 .6  g .  6 C$) (JPound 0 , 73 .05 : H, 5*14: Hf 2 1 .4 2 .  C16P14B4  
r e q u i r e s  C, 7 3 .2 7 : H, 5 .3 8 :  If, 21.36;o). $ h is  p ro d u c t  
was co n v e rted  to  i t s  m onopicra te  i n  e th a n o l .  SSbis 
c r y s t a l l i s e d  a s  yellow  n e e d le s  m.p. 256°C ( Pound 0 , 53*8:
H, 3 .5 ,  G1 6H14 I 4 ( r e q u i r e s  C,  5 3 .7 8 :  H, 3 .4 9 ^ )  .
5h e  compound was a l s o  co nverted  to  i t s  a c e ty l  d e r iv a t iv e  
by b o i l i n g  i n  a c e t i c  anhydride  f o r  te n  m in u te s .  2h i s  
y ie ld e d  b lad e  c r y s t a l s  m .p. 187°0 (Found: J3, 1 6 .1 0 . 
^20^18^2^4 r e q u i r e s  II, 1 6 .1 8 ^ ) .
3 : 6-  (o - i i l t r a n i l i n o i p y  r id a z  i  n e . -  Follow ing th e  above 
scheme, no r e a c t i o n  was no ted  between o - n i t r a n i l i n e  and 
3 : 6- d i e h lo r o - p y r id a z in e .
3 -Q h lo ro -6 -m e th y la n l l in o p y r id a z ln e . -  3 : 6-B ic h lo ro -  
p y rid a z ln e  (1 .5  g . )  was d is s o lv e d  in  monometiyl a n i l i n e  
( 1 .1  g . )  and sodium ca rb o n a te  (0 .5  g . ) was added. 5he 
m ixture was then  h ea ted  to  160°C. A b r i s k  e f f e rv e s c e n c e
occurred. On c o o l in g  a brownish r e s id u e  was o b ta in e d .
Sh is  was washed w ith  a c e t i c  anhydride  and r e c r y s t a l l i s a t i o n  
from e th a n o l  th en  gave 3-C h lo ro - 6- ia e th y la n i l ln o p y r id a z in e  
a s  ye llow  m ic ro -n e e d le s  m .p . 90°C (1 .0  g . 4 5 .5 $ )  (Found:
C, 6 0 ,0 0 : H, 4 .5 3 .  CuHioUgCl r e q u i r e s  C, 6 0 .1 3 : H, 4 .5 9 ^ ) .  
3 16* P ia n i l in o p y  r id  a z ln e . -  3 : 6-D in » th o x y p y rid az in e  (1 .4  g . )
was added to a n i l i n e  (1 .9  g . ) and sodium c a rb o n a te  (1*0 g . ) 
and the  m ix tu re  was h e a te d  on an o i l  ba th  to  a  te m p era tu re  
o f  138°C* A b r i s k  e f f e rv e s c e n c e  o ccu rred  and the m ix tu re
darkened. I'he p ro d u c t  was washed w ith  h o t  d i l u t e  sodium
c a rb o n a te  s o lu t i o n  and on c r y s t a l l i s a t i o n  from e th a n o l  
gave 3 :6 * J3 ia n i l ln o p y r ld a z in e  as  g reen -y e l lo w  p l a t e l e t s  
m .p . 237°0 m.m.p. w ith  an a u th e n t i c  specimen 237°0 (2*1 g .  
8 < $ ).
3-Ani l i  no~ 6-  c h lo  ropy r  id az in e  . -  3 -C h lo ro -6 -e th o x y p y r id a z in e  
(1*6 g . ) was added to  a  m ix tu re  o f  a n i l i n e  (0*97 g * ) and  
sodium c a rb o n a te  (0 .5  g . ) and the  whole was th e n  h e a te d  to  
100°C* A b r i s k  e f fe rv e s c e n c e  th e n  occurred* 'ihe p ro d u c t  
was a g a in  washed v i th  h o t  d i l u t e  sodium c a rb o n a te  s o l u t i o n  
and on r e c r y s t a l l i s a t i o n  from e th a n o l  y ie ld e d  3-A nilino-G ~ 
c h lo ro p y r id a z in e  a s  w h ite  p l a t e l e t s  m .p. 185-186°G {1*44 g .  
7<$) ( ib u n d : C, 5 8 .19 : H, 3 .7 1 :  Ht 20*54. C1 0 HeSg01 
r e q u i r e s  C# 5 8 .4 1 : H, 3 .9 2 :  N, 2 0 .4 4 ^ ) .
On t r e a t i n g  t h i s  compound in  th e  manner d e sc r ib e d  above 
w ith  a n o th e r  mole o f  a n i l i n e # r e a c t i o n  occu rred  a t  138°0 
to  y i e l d  3 : 6-D la n i l in o p y r id a z in e *
A ttem p ts  to  p rep a re  P y r id a z in e *- A s e r i e s  o f  r e d u c t io n  
methods were employed i n  an a t te m p t  to  o b ta in  p y r id a z in e  
from 3 :6 * D ich lo ro p y r id a z in e*
( a ) .  P a l la d iu m  on s t ro n t iu m  c a rb o n a te  (2*5 g* 5^) was added 
to  a  s o lu t io n  o f  3 : 6 - d ic h lo r o p y r id a z in e  (1*5 f e . ) i n  
e th a n o l  and th e  m ix tu re  shaken fo r  t h i r t y  m inutes*  She 
on ly  p ro d u c t  i s o l a t e d  was 3- G hloro-6- ethoxy p y r id a z in e
m.p* 59-62°C (1 .4  g .  90Jb)
(b)#  A s im i la r  r e s u l t  was o b ta in e d  u s in g  3s6 -B ich lo rQ - 
p y r id a z in e  (1*5 g . )  i n  e th a n o l  c o n ta in in g  Baney n i c k e l  
(0*5 g*)* P a r in g  t h i s  a ttem p ted  h y d ro g e n a t io n  th e r e  was 
no a b s o rp t io n  o f  hydrogen over  a  p e r io d  o f  two h o u rs  and 
th e  only  p ro d u c t  was 3- C h lo ro - 6- e th o x y p y r id a z in e  (1*3 g .  
8 0 $ ) .
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( e ) .  Ill© r e d u c t io n  was a l s o  t r i e d  i n  tlx© u s u a l  manner 
fo r  c a t a l y t i c  h y d ro g en a t io n s  u s in g  p a l la d iu m  b la c k  as 
c a t a l y s t  and e th a n o l  as  so lv en t*  2he a b s o rp t io n  o f  
hydrogen was r a p id  and the r e a c t io n  was s topped  when the 
volume c a lc u l a te d  f o r  the  removal o f  both  c h lo ro -g ro u p s  
had been absorbed* 1*0 p y r id a z in e  cou ld  be i s o l a t e d  
a l th o u g h  a  s p o t  t e s t  w ith  p i c r i c  a c id  on th e  e th a n o l  
s o lu t io n  d id  y i e l d  a  ■m all amount o f  p y r id a z in e  p i c r a t e  
m*p* 172°C (m.m*p. w ith  an a u th e n t i c  specimen 172°C).
Ho o th e r  p ro d u c ts  were i s o la te d *
( d ) .  R eduction  was c a r r i e d  o u t  as  above b u t  th e  r e a c t i o n  
was stopped when th e  volume o f  hydrogen n e c e s s a ry  f o r  th e  
rem oval o f  on ly  one c h lo r in e  atom had been absorbed*
>ven a t  t h i s  s ta g e  a  c o n s id e r a b le  amount o f  3 ; 6- d i c h l o r o -  
p y r id a z in e  was i s o l a b l e ,  th u s  showing t h a t  h y d ro g e n a t io n  
was p ro c e e d in g  in d is c r im in a te ly *
(e)*  D eha logena tion  o f  3 ; 6-D ic h lc ro p y r id a z in e  by th e  
method o f  keOmie and Vfrite(22) was a l s o  u n su c c e ss fu l*
( f )*  3 ; 6-X )ich lo ropyridaz ine  (5*0 g . ) was mixed w ith  red  
phosphorus (5*0 g . )  and c o n s ta n t  b o i l i n g  h y d r io d io  a c id  
( 3 0  ml*)* 2h e  m ix tu re  was s t i r r e d  under r e f l u x  f o r  two 
and a  h a l f  hours* 'fhe m ix tu re  was th en  f i l t e r e d  f r e e  
from re d  phosphorus and the dark l i q u o r s  o b ta in e d  were 
ev a p o ra ted  to  d ry n e ss  under vacuum a t  1 0 0 °G* fh e  s o l i d  
th u s  produced was d is s o lv e d  i n  c a u s t i c  soda s o l u t i o n  and 
t h i s  was th e n  s u b je c te d  to  a  c o n s ta n t  e th e r  e x t r a c t io n #
26 -
On e v a p o ra t io n  o f  th e  e th e r  a  d ark  s o l id  was ob ta ined*  
f h ie  was th e n  e x t r a c te d  w ith  pe tro leum  e th e r  (60 /80 ) 
le a v in g  a  sm all amount o f  dark  l i q u i d  which was in s o lu b le  
in  th e  petroleum # rih i s  Residue was t e s t e d  w ith  p i c r i c  
acid  in  eth an o l s o lu t i o n .  T h is  y ie ld e d  p y r id a z in e  p i c r a t e  
m.p# 172°0. 2he pe tro leum  e th e r  e x t r a c t  y ie ld e d  3*
Io d o p y rid a z in e  a s  w h ite  n e e d le s  m#p. 123° C ( d e c . )  (found :
H, 1 4 .5 3 :  I ,  6 2 .0 7 . r e q u i r e s  U, 1 3 .6 ;  I # 6 1 .6 1 ^ ) .
I h i s  su b s tan ce  gave no p i c r a t e .  Ohe y i e l d s  i n  bo th  c a s e s  
were very  sm e l l .
On d i s s o lv in g  3- io d o p y r id a z in e  i n  e th a n o l  and a llow ing  
to  s ta n d  exposed to  o rd in a ry  l i g h t ,  th e  s o lu t io n  r a p id ly  
became d a rk e r  and on t e s t i n g  i t  w ith  p i c r i c  a c id  i n  e th a n o l  
a pure specimen o f  f y r id a z in e  p i c r a t e  was o b ta in e d .
( g ) .  An a t tem p t was n e x t  made to  reduce  3 : 6- d i c h lo r o ­
py r l d a z  in e  i n  e th a n o l  a s  s o lv e n t  u s in g  p a l la d iu m  c h a rc o a l  
a s  c a t a l y s t  i n  the  p rese n ce  o f  b a r y ta  s o lu t i o n .  Again 
e t h a a o l i e  rep la cem en t occurred  r a p id ly  to  y i e l d  3 - O h io ro -6-  
e th o x y p y r id a z in e  in  a y ie ld  o f  90^b.
( h ) .  An a t te m p t  to  reduce 3 :6- d ic h lo r o p y r id a z in e  in  
e th a n o l u s in g  Raney n ic k e l  ( n e u t r a l )  a s  c a t a l y s t  i n  th e  
p resen ce o f  magnesium oxide showed t h a t  there was no 
uptake o f  hydrogen and no e th a n o l i c  rep lacem ent occu rred*  
( 1 ) .  2he above experim en t was r e p e a te d  u s in g  p a l la d iu m  
b la c k  a s  c a t a l y s t  in s t e a d  o f  Raney n i c k e l .  She a b s o rp t io n
o f  hydrogen was t h e o r e t i c a l  i n  th r e e  hours* On working
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up the  m a te r i a l  i t  was found im p o ss ib le  to  o b ta in  p y r id ­
a z in e  due t o  th e  ibxm ation o f  a  s ta b le  magnesium o h lo r id e  
complex. fhus  e v a p o ra t io n  o f  th e  r e a c t i o n  m ix tu re  
y ie ld e d  on ly  a  s o l id  which was s ta b le  to  a l& a l i  and which 
was very  in s o lu b le  i n  e t h e r .
( J ) .  3 ie  above experim ent was re p e a te d  i n  a  v a r i e t y  o f  
s o lv e n ts  i n  an  e f f o r t  to p re c lu d e  th e  fo rm a tio n  o f  1h e  
above m entioned complex. The s o lv e n t s  used were m ethyl 
a c e t a t e ,  e th e r  and benzene. In a l l  c a s e s  l i t t l e  o r  no 
hydrogen a b s o rp t io n  o c c u rre d .
3*»Chloro«-6-hydrazlnopyridazlne. -  3 : 6-Di c h lo ro p y r id a z in e  
(1 .5  g . ) was d is s o lv e d  i n  e th a n o l  (2 0  m l . )  and h y d raz in e  
h y d r a te  ( 1 00$) (0 .5  g . ) was added. The m ix tu re  was r e -  
f lu x e d  f b r  one h o u r .  On c o o l in g  a  w h ite  s o l i d  was o b ta in ed  
which on c r y s t a l l i s a t i o n  from m ethyl a c e ta te  and p e tro leu m  
e t h e r  (4 0 /6 0 )  (2 :1 )  gave 3 -G h lo ro -6 -h y d ra z in o p y r id a z in e  
a s  w h ite  mic r  o ~c ry s t a l s  m .p. 139°C (1 .2  g . 85$) Pound;
0 , 8 3 .0 6 : H, 3 .6 2 :  IS, 3 8 .9 3 .  G4H5 H4 CI r e q u i r e s  0 , 3 3 .2 1 :
H, 3*49: H, 3 8 .7 4 ,,) .
S h is  compound i n  e th a n o l  was t r e a t e d  w ith  benzaldehyde 
to  y i e l d  a  Hydraidne vfoich was rec iy  s t a l l i s e d  from g l a c i a l  
a ce tio  a o id  t o  g ive yellow  n e e d le s  m.p. 245°C (dec.)
(Found: 0 , 5 6 .6 7 :  H, 3 .8 5 :  H, 2 3 .9 9 . C i x H ^ C l  r e q u i r e s  
C, 5 6 .7 8 ;  H, 3 .9 0 ;  £ 4 .0 8 $ ) .
Treatm ent w ith  cyclohexanOne i n  e th a n o l  a l s o  y ie ld e d  
a  Hydrazone which was r e c r y s t a l l i s e d  from aqueous a c e t i c
-  28 -
a c id  to  y i e l d  cream m ic r o - c r y s ta l s  m .p. 153-154°0 
(jfound: C, 5 3 .4 7 : H# 5 .71s U, 2 4 .9 9 . r e q u i r e s
0, 5 3 .4 5 :  Hf 5 .8 3 ;  II, 24.94y<,).
A f u r t h e r  Hydrazone was produced by t r e a t i n g  a  
s o l u t i o n  o f  3 - c h lo r  o - 6-hy d r  az in o p y r i  d az in e  i n  m ethanol 
w ith  th e  c a lc u l a t e d  amount o f  a c e to n e .  2h i s  gave a  
p ro d u c t  which c r y s t a l l i s e d  from m ethanol a s  cream b la d e s  
m .p . 157°0 ( i ’ound: C, 4 5 .7 4 :  H, 4 .6 8 :  11, 3 0 .1 4 .  O^HgH^Cl 
r e q u i r e s  C, 4 5 .5 4 : H, 4 .9 1 :  11, 3 0 .3 5 ^ ) .
3-Am ino-6-ohIo ropy r i  d a z in e . -  3 : 6- H c h lo r o p y r id a z in e  
(1 .5  g . ) was re f lu x e d  w i th  e x c e s s  ammonia s o lu t io n  ( 0 . 8 8 ) 
f o r  two h o u r s .  She re  was no r e a c t io n  and 3 :6 -jD ieh lo ro - 
pyri. d a z in e  was i s o l a t e d  i n  t h e o r e t i c a l  y i e l d .
3 : 6-D ib ro rao p y rid az in e . -  3 : 6- £ y r id a z in e d io l  (9 .0  g . )  was
powdered and mixed w ith  phosphorus pen tabrom ide (70 g . ) 
and th e  r e s u l t a n t  mass was then  h ea ted  on a  h o t  p l a t e  f o r  
one and a  h a l f  h o u r s .  She m ix tu re  f i r s t  m e l ts  and th e n  
goeB s o l i d  a g a in .  She s o l i d  th u s  o b ta in e d  was added to  
w a te r  and th e  r e s u l t a n t  was th en  r e c r y s t a l l ! s a d  from 
aqueous e th a n o l  to y i e l d  3 : 6-D ib r omopy r i  daz ine  as  cream 
b la d e s  m .p . 117-118°G.
3«%fraino-6«»bromopfg r i  d a z in e . -  3 ;  6-D ib r  omopy r id a z  in e  (2 .4  g . ) 
was r e f lu x e d  w ith  ex cess  ammonia s o lu t i o n  ( 0 . 88) fo r  two 
h o u r s .  Shore was no r e a c t i o n  and 3 : 6-  id b r  omopy r id  az in e  
was i s o l a t e d  i n  a lm ost t h e o r e t i c a l  y i e l d  (2 .2  g* 9 1 ^ ) .
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3 -A n ll in o -6 -b ro m o p y r id a z in e .~ 3 : 6- Idbrom opyridazine 
(£•4  g .  ) was mixed w ith  a n i l i n e  (0*93 g . ) and sodium 
ca rb o n a te  (0 .53  g . ) .  'ihe m ix tu re  was th e n  h e a te d  to  
160°0 fo r  t h i r t y  m inu tes . A b r i s k  e f f e rv e s c e n c e  took 
p la c e  and the m ix tu re  d a rkened . C r y s t a l l i s a t i o n  o f  th e  
pro d u c t from e th a n o l  (90^) y ie ld e d  3 -A n il in o * 6- bromo* 
p y r id a z in e  a? fawn m ic r o - c r y s t a l s  m .p. 178°C (1*75 g .  70j&) 
( found : C, 4 7 .7 7 :  Ht 3 .3 1 ;  M, 1 7 .2 0 .  Qiq&8 % B t r e q u i r e s  
C, 4 8 .0 2 : H, 3 .2 2 :  H, 1 6 .8 p ) .
Shis p ro d u c t  was c h a r a c t e r i s e d  as  i t s  p i c r a t e  which 
c r y s t a l l i s e d  from e th a n o l  a s  y e llo w  m ic ro -n e e d le s  m.p. ISO- 
181°0 (Sbunds U, 1 7 .6 6 . ^ H g  J r  . G g H g r e q u i r e s  
H, 17.S5$4).
3-Bromo-6- ( o - n l  t r a n i l i n o  )p j^ r id az in e . -  3 : 6-D ib r  omopy r i d  az in e
( 1 . 0  g . ) was mixed w ith  an e q u iv a le n t  amount o f  o - n i t r -  
a n i l i n e  and th e  m ix tu re  was h e a te d ,  a long  w ith  the r e q u i s i t e  
amount o f  sodium ca rb o n a te  on an o i l  b a th .  H e a tin g  was 
c o n tin u ed  t i l l  a  tem p era tu re  o f  160°C was a t t a i n e d .  A 
b r i s k  e f f e rv e s c e n c e  took p la c e  and t i e  m e lt  became d a r k e r .  
A f te r  c o o l in g ,  the  s o l i d  was r e c r y s t a l l i s e d  from e th a n o l  
to  y i e l d  3-B rom o-6-( o - n i t r a n i l i n o ) p y r i d a z i n e  a s  go lden  
o range p l a t e l e t s  m .p . 158°C ( d e c . )  (0 .9  g .  70J&) (found :
C, 4 0 .8 4 :  H, 2 .1 2 :  0 ,  1 9 .1 6 .  Clc £ 7 O20 4Br r e q u i r e s  C, 4 0 .7 0 :  
H, 2 .3 9 :  0 , 18.99>b).
3-Bromo-6- e th o x y p y r id a z in e . -  3 : 6- D ibrom opyridazine (2 .4  g . )
was d is s o lv e d  i n  e th a n o l  (5 m l .)  and added to  a  B l ig h t
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e x c e ss  o f  p o ta ss iu in  hydrox ide  d is s o lv e d  in  e th a n o l .
32he r e a c t io n  m ix tu re  was allow ed to  s tand  fo r  15 m in u tes  
and th e n  poured  in to  water* E x t r a c t io n  o f  the aqueous 
so lu t io n  w ith  e th e r  and su b seq u en t e v a p o ra t io n  gave a 
w h itish  p ro d u c t  which c r y s t a l l i s e d  from p e tro leu m  e th e r  
(40 -60 ) to  g iv e  3-B rom o-6-e thoxypyridazine  a s  lo n g  w h ite  
laminae m.p. 83°C (1 .7 3  g .  85^) {iPuna: C, 3 5 .4 4 : H, 3 .6 8 :
S , 1 3 .9 3 . C6H7(» 2Br r e q u i r e s  0 , 35 .4 9 : H, 3 .4 7 :  H, 13.80Ji>).
Ih ie  r e a c t io n  was a l s o  c a r r i e d  o u t u s in g  sodium 
carbonate s o lu t i o n  (5$) i n  p la c e  o f  th e  p o ta ss iu m  hydroxide* 
3he m ix tu re  was shaken fo r  one h o u r .  She y i e l d  was 70$* 
g-Bromo-6-hydra z in o p y r id a z in e »- 3 : 6- Dibr omopy r id a z in e
(£.4 g . ) was d is s o lv e d  i n  e th a n o l  (20 m l . )  and h y d ra z in e  
hydrate (lQOJb) (0 .8  g * ) was now added* 2!he s o lu t io n  was 
heated  f o r  15 m inu tes  and th e n  s e t  a s id e  to  c o o l .  On 
stan d in g , a cream s o l i d  was formed* 2h i s  p ro d u c t ,  a f te r  
reerye t a l l i s a t i o n  from aqueous e th a n o l  gave 3~Bromo-6- 
hydrazinop y r id a z in e  as  m ic ro -n e e d le s ,  m .p. * 1 4 5 -1 4 6 ° G 
(found: C, 25*22: H, 2*97: N, 29*56. C ^ g J^ B r  r e q u i r e s  
0, 2 5 .41 : H, 2 .6 7 ;  N, 2 9 .6 4 ^ ) .
Qyolohexanone d e r iv a t iv e  *- Cyclohexanone was added to a  
s o lu t io n  o f  the above compound in  e th a n o l  and 1he  m ix tu re  
was b o i le d  fo r  ten m inutes* Ihe cream s o l id  th u s  o b ta in e d  
was r e o r y s t a l l i s e d  from aqueous e th a n o l  to y i e ld  th e  eye lo ­
ll exanone d e r i v a t i v e  a s  cream m i c r o - c r y s t a l s  m.p* * 149° 0 
( found : 0 , 4 4 .7 9 :  H, 4 .8 1 :  H, 2 0 .9 6 . C^QH^K^Br r e q u i r e s
31 -
C# 4 4 .6 2 ;  H, 4 .8 7 ;  U, 2 0 .8 2 ^ ) .
3 -C h lo ro -6 -m erc ap to -p y rid  az in e  . -  3 : 6-D ich lo  r o p y r id a s in e
(1 .5  g . ) and th io u r e a  (0 .76  g .  ) were suspended i n  w a te r  
(5 .0  m l . ) .  The m ix tu re  was re f lu x e d  fo r  2 h o u r s .  C a u s tic  
soda ( 0 .6  g . )  i n  w ater (60 m l . )  was th e n  added and th e  
m ix tu re  was r e f lu x e d  a  f u r t h e r  2 h o u r s .  On Cooling  th e  
t h i o l  s e p a ra te d .  The c rude  p ro d u c t  was r e c r y s t a l l i s e d  
from benzene to g ive yellow  m ie r o c r y s ta l s  m.p. 138°C.
3 ; 6-  Pi me reap  to  p y r id a z in e . -  3 :6 - P y r id a z in e d io l  (3 .7  g . ) 
was d is s o lv e d  i n  p y r id in e  (175 m l .)  and phosphorus p e n ta -  
su lp h id e  war added. fIhe whole was s t i r r e d  under r e f l u x  
f o r  h o u r s .  2he m ix tu re  was cooled  and poured onto  
c a u s t i c  soda (66  g . ) i n  w a te r  (500 m l . ) .  Aqueous l a y e r  
was n e u t r a l i s e d  w ith  g l a c i a l  a c e t i c .  This gave a  y e l lo w  
s o l i d  which was c r y s t a l l i s e d  by d i s s o lv in g  i n  a l k a l i  and 
r e p r e c i p i t a t i n g  w ith  ac id  to g iv e  3 : 6- D im ercap topy ridaz ine  
as  ye llow  m ic r o - c r y s ta l s  m.p. 242°C (1 .65  g .  3 5 ^ ) .
3 -C h lo ro p y r id a z in e . -  3 -C h lo ro -6 -m ercaptopyr id a z in e  (1 .47  g . ) 
was suspended in  w ater  (50 m l . )  and ammonia (0 .8 8 )  (1*5 g . ) 
was then  added . Haney n ic k e l  c a t a l y s t  ( 7 .0  g . )  was th e n  
added and the r e a c t i o n  m ix tu re  was r e f lu x e d  fo r  s i x  h o u r s .
The raney  n i c k e l  was f i l t e r e d  o f f  from t i e  h o t  s o l u t i o n .
The only p ro d u c t  i s o i a b l e  from t h i s  r e a c t i o n  m ix tu re  was 
th e  s t a r t i n g  m a t e r i a l  3 - e h l o r o - 6-m e re a p to p y r id a z in e  (1 . 1  g .  
7 5 ^ ) .
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P y r id a z in e . "  3 :6 -D im erca p to p y r id az in e  (1 .4 4  g . )  was 
suspended in  w a te r  (50 m l.)  and srnmonia (0 .8 8 )  (1 .5  g. ) 
was added . Haney n ic k e l  c a t a l y s t  (7*0 g. ) was th en  
added and th e  m ix tu re  was r e f lu x e d  fo r  s i x  h o u r s .  The 
n ic k e l  was f i l t e r e d  from the h o t  s o lu t io n .  HO p ro d u c t  
cry s t a l l i s e d  on c o o l in g .  On r e n d e r in g  a c id  w ith  hyd ro ­
c h l o r i c  a c id  (5 H) a  ye llow  p ro d u c t  was o b ta in e d .  This 
was 3 :6 -d im e rc a p to p y r id a z in e ,  m .p. 242°C (1 .1  g .  76 $ ) .
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8UMMABY
The r e a c t i v i t y  o f  3 : 6- Dihaloge no p y r id a z in e  £ tow ards 
a lc o h o ls  and amines h a s  been dem onstra ted  and an u n u su a l 
re p la c e m e n t  r e a c t io n  h as  been shown to  occu r w ith  a n i l i n e  
and 3 -e h lo ro -6 -e th o x y p y r id a z in e .
I t  h a s  a lso  bean shown t h a t  th e  i n t r o d u c t io n  o f  a  
group i n  p la c e  o f  one o f  th e  ha lo g en  atoms re n d e rs  th e  
rep la cem en t o f  th e  o th e r  ha logen  ex trem ely  d i f f i c u l t *
Qie c a t a l y t i c  hydrpjgenatlon o f  3 : 6-D ie h lo ro p y r id a z in e  
has a ls o  been  stud ied*
/
-  34 -
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IB IRODuO I I  OH
fhe  th e r a p e u t i c  value o f  qu in in e  i n  the  t r e a tm e n t  of 
m a la r ia  hag long  been known, th e  a lk a lo id  h av in g  been i s o l a t e d  
i n  1820 by P e l l e t i e r  and Caventou. In  1891, S r l i c h  n o ted  
t h a t  m ethylene b lue had a  s im i la r  though weaker a c t i v i t y  
as  an a n t i - m a la r i a l*
* i t h  t h i s  knowledge, l a t e r  w orkers p rep a re d  numerous 
q u in o l in e  end a c r id in e  d e r i v a t i v e s  i n  a  sea rch  f o r  s y n th e t ic  
a n t i - m a l a r i a l s .  'JSiis r e s u l t e d  i h  th e  s y n th e s i s  o f  Pamaquin 
by Schuleraann i n  1926 and M epaerine by Mauss and M ietzsh i n
1930. CH X.CĤ  I CH-CĤCĤ 
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S evera l t h e o r i e s  were p u t  forw ard a s  to  th e  mode o f  
a c t i o n  o f  th e se  compounds. i ia g id so n (2 6 ) , suggested  t h a t  
the b a s ic  s id e  c h a in  governed the s o l u b i l i t y  o f  th e  compound
-  36
i n  th e  body ( th e  Pharmoco l o g i c a l  f a c t o r ) ,  w hereas th e  
s u b s t i tu t e d  a e r i d in e  o r  q u in o l in e  n u c leu s  was th e  fu n c t io n  
which governed th e  a t t a c k  on th e  p a r a s i t e  ( th e  B a c te r io c id a l  
F a c t o r ) .  Schonhoffer(27) suggested  t h a t  th e  a c t i v i t y  of 
th e  a e r id in e  d e r i v a t i v e s  was due to  an e q u i l ib r iu m  w ith  
t h e  form in  which th e  c e n t r a l  r i n g  was p ara -q u in o n o id *  
Subsequent a t t e m p t r to  s u n th e s i s e  new d rugs  were 
gu ided  by th e se  t h e o r i e s  u n t i l  Gurd and Itose(28) d e p a r te d  
from th e s e  id e a s  and o b ta in ed  a  com ple te ly  new type  o f  
a n t i - m a l a r i a l  d ru g . They n o ted  t h a t  c e r t a i n  sulphonamides 
had  a  s l i g h t  a n t i - m a l a r i a l  a c t i v i t y ,  which, l i k e  t h e i r  a n t i ­
b a c t e r i a l  e f f e c t ,  was i n h ib i t e d  by para-am inobenzo ic  a c id .
They th u s  viewed su lphonam ides, e . g .  S u lp h ad ia z in e ,  as  
d e r i v a t i v e s  o f  a n i l i n e  in  which 1h e  sulphonamide group 
a c te d  aB th e  Pharmoco l o g i c a l  F a c to r .  They reasoned  t h a t  
l e s s  to x ic  a n t i - m & la r ia l s  m i$ i t  be o b ta in e d  i f  a  h e t e r o ­
c y c l i c  system o f  b io lo g i c a l  im portance  were u se d .  P yrim id ine  
d e r i v a t i v e s  were th u s  i n v e s t i g a t e d .  The f a c t  t h a t  sorae 
o f  th e s e  compounds bore a  s i m i l a r i t y  to  r i b o f l a v i n  caused  
some w o rk e rs (29) to  su g g e s t  t h a t  th e  a n t i - m a l a r i a l  e f f e c t  
was due to  a  c o m p e ti t iv e  e f f e o t  i n  th e  r i b o f l a v i n  mechanism.
I t  should  be n o te d ,  however, t h a t  K ing(30) had found some 
d i a z a - a c r i d i n e s  ( I )  o f  l i t t l e  v a lu e  and t h a t  a  compound 
which c lo s e ly  resem bled  r i b o f l a v i n  had no a n t i - m a l a r i a l  




















By exam ina tion  o f  the compounds shown below, a 
th eo ry  was developed by Curd, l a a d q u i s t  and Bose(31) 
in  which a c t i v i t y  was r e l a t e d  to t i e  c o n t r i b u t io n s  made 
to  the resonance  h y b rid  by c e r t a i n  p o la r i s e d  form s, in  
which th e re  was c o n ju g a t io n ,  th rough  a l t e r n a t e  carbon  
and n i t r o g e n  atom s, between th e  a r y l  g roups and the 
te rm in a l  a lk y l  group B*•
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I t  i s  assumed t h a t  i n  th e  t r i a z i n e  (VI) the io n ic  
s t r u c t u r e  (V ia) i s  n o t  i n  f a c t  formed. I f ,  however, the 
t r i a z i n e  r i n g  was l e f t  in c o m p le te ,  a b i -g u a n id e  s t r u c t u r e  
r e s u l t s  which would be a b le  to g ive  th e  n ec e ssa ry  io n ic  
resonance  h y b r id .  f h i s  gave th e  most s u i t a b l e  a n t i -  
r a a l a r i a l  d isc o v e re d  by Curd and h i s  co -w o rk e rs ,  namely 
l a l u d r i n e  (V I I ) .
I t  seems from t h i s  work t h a t  i t  would be o f  i n t e r e s t  
to  study a  r i n g  system i n  which c y c l i s a t i o n  was as com plete 
a s  p o s s i b l e .  Ihus a tte r iip ts  have been made to s y n th e s is e  
a  d ia z a c a r b a z o le .  Both l ;2 -D ia z a e a r b a z o le  and 1 ;3 -J ) ia z a -  
c a rb a z o le  have been examined s in c e  i t  h a s  been n o te d  i n  
r e c e n t  y e a r s  t h a t  th e  p y r id a z in e  r in g  system , a l th o u g h  no t 
o c c u r r in g  i n  b io lo g ic a l  f u n c t io n s ,  does g iv e  r i s e  to very  
u s e f u l  su lphonam ides(32) and a n t i - s p a s m o d ic s (33) w ith o u t  
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£hus I t  became necessary  to examine th e  methods 
a v a i l a b l e  f o r  th e  s y n th e s i s  o f  e a rb a z o le s .
2he compound c a rb a z o le  i s  fo rm u la te d ,  and t i e  r i n g  








Other numbering system s have been u s e d (34) whereby 
the  n i t r o g e n  atom was numbered 5 , b u t th e s e  system s a re  
now re p la c e d  by t h a t  shown above.
fhe  main source o f  c a rb a z o le  i s  th e  an th ra cen e  f r a c t i o n  
o f  co a l t a r ,  b u t  i t s  p u r l  f a c t i o n  from t h i s  source  i s  
d i f f i c u l t .  I t  was however f i r s t  i s o l a t e d  from t h i s  source  
by Graebe and G la s e r (35) i n  1872.
Due to  i t s  d i f f i c u l t  i s o l a t i o n  from t h i s  so u rce , pu re  
c a rb a z o le  i s  g e n e ra l ly  p rep a red  by s y n th e s i s .
One o f  th e  e a r l i e s t  sy n th e se s  o f  c a rb a z o le  was t h a t  
o f  Graebe and U llm ann(36)• f h i s  was th e  d i a z o t i s a t i o n  o f  
o^am inodiphenylam ina to  g ive  1-pheny1 -1 :2  ;3 - b e n z o t r i a z o le  






This seemed capab le  of wide a p p l i c a t i o n  and by u s in g  
s u b s t i t u t e d  d iphenylam ines s e v e ra l  s u b s t i tu t e d  c a rb a z o lo s  
were p r e p a r e d (3 7 ) .  I t  was l a t e r  shown t h a t  th e  p re se n ce  
o f  u n s a tu ra te d  groups i n h i b i t e d  t h i s  r e a c t i o n .  f o r  
example, n i t r o c a rb a z o le s  were only o b ta in ed  in  t r a c e  
f i e l d s  by t h i s  m ethod(38).
A nother e a r ly  method was t h a t  which i s  now g e n e ra l ly  
known a s  th e  Borsch© rae1hod(39) (4 0 ) .  In  t h i s  method 
th e  pheijy lhydrazone o f  cyclohexanone was co n v e rted  to a  
t e t r a h y d r o c a r b a z o le  by h e a t in g  w ith  s u lp h u r ic  a c i d .
The p ro c e s s  i s  wholly ana logous to  F i s c h e r f s s y n th e s i s  
o f  in d o le .
/
'" N  \ h-n^
Any va lue  i n  t h i s  method was o b v ia ted  by th e  f a c t  
t h a t  the  dehydrogena tion  o f  the  te t r a h y d ro c a r b a z o le  gave 
only  low y i e l d s .  Borsche h im s e l f ,  u s in g  le a d  d io x id e  
o b ta in e d  on ly  low y i e l d s .  Using c h l o r a n i l ,  l a t e r  w orkers  
o b ta in e d  good y i e l d s  i n  a  v a r i e ty  o f  c a s e s ( 4 l ) .
As w ith  th e  p re v io u s  s y n th e s i s ,  t h i s  one a l s o  se rv ed  
f o r  the  p r e p a r a t io n  o f  s u b s t i t u t e d  c a r b a z o le s .  I t  was 
found, however, t h a t  i f  m - s u b s t i tu te d  hydrazones  were u se d ,
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then  two iso m eric  p ro d u c ts  r e s u l te d *  fhese  were 5 -  and 
7- s u b s t i t u t e d  c a rb a z o le s  as  was shown by l a t e r  w orkers 
(42) (43) (4 4 ) .
rIhe f a c t  t h a t  many p heno ls  w i l l  r e a c t  i n  the k e to  
form h as  been used to  modify the  Borsche s y n th e s is*  2hus 
B ucherer(45) p re p a red  c a rb a z o le s  from s u i t a b l e  p h en o ls  v i a  
th e  sodium b i s u l p h i t e  compound and the hydrazone* Uhe 
mechanism o f  t h i s  s y n th e s i s  was c l a r i f i e d  by P r i e d la n d e r (4 6 ) .
Other e a r ly  sy n th e se s  o f  c a rb a z o le s  were u s u a l ly  based 
on th e  e l im in a t io n  o f  ammonia, w a te r  o r  h a lo g en  from the 
o r t h o - p o s i t i o n s  o f  d ip h e n y l.  Ihus c a rb a z o le  h a s  been 
p rep ared  from 2 : 2 *-diam inodiphenyl by p ro lo n g ed  t r e a tm e n t  
w ith  su lp h u r ic  ac id  a t  200°C (47)*
Methods fo r  the removal o f  w a te r  o r  ha lo g en  have used 
z in c  d u s t  d i s t i l l a t i o n  of the  co rresp o n d in g  d ip h e n y l 
com pounds(48). G enera lly  th e se  methods have g iv en  only  
low y ie ld s *  A v a r i a t i o n  o f  t h i s  method u s in g  £ -sm ino- 
d ip h e n y l was l a t e r  used by Morgan to  o b ta in  p u re  c a rb a z o le  
(4 9 ) .
A more modern s y n th e s i s  was th e  c o n d e n sa t io n  o f  £ -  
ch lo rocyc lohenanone  w ith  a rom atic  am ines(50)*




A v a r i a t i o n  of t h i s  was th e  co n d e n sa t io n  o f  an amine 
v i t h  £ -h^drox;yc^clohexanone(5 l) (52) (53)* 2he mechanism 
of t h i s  r e a c t io n  h a s  r e c e n t ly  been e s t a b l i j h e d  u s in g  i n f r a ­
red  spectrum  a n a l ^ s i s ( 5 4 ) .
A nother modern s y n th e s i s  was t h a t  in v o lv in g  th e  
deco m p o sit io n  o f  s u i t a b le  az id es (5 5 )*
HCl/l80°C
U.V.
I h i s  r e a c t i o n  gave good f i e l d s  onl^  when ver$ d i l u t e  
s o l u t i o n s  were used*
Analogous r in g  system s have a l s o  been examined. 
2hus s e v e r a l  p ^ r id o c a rb a z o le s  have been p rep a red  b£ th e  
Borsche t^ p e  s ^ n th e s i s ( 5 6 ) .
A c a rb a z o le  system c o n ta in in g  th r e e  n i t r o g e n  atoms 
h a s  a l s o  been su n th es ised *  In  decomposing 4 , - p $ r id $ l -  
3 :4 - p ^ r i d o t r i a z o l e  i n  p h o sp h o ric  ac id  a t  a  tem p era tu re
-  4 4
o f  300°Cf J£oenigs and $antlca(57) o b ta in e d  3 : 6 -d ia z a c a rb a z o le  
and n o t  the  expected  2 :7 ~ d ia z a c a rb a z o le .
3 :6 -D iaz aca rb a zo le  was shown to  be i n e r t  and i t  d id  
n o t  g iv e  th e  c h a r a c t e r i s t i c  c o lo u r  r e a c t i o n s  o f  c a rb a x o le s .
She s y n th e s i s  o f  d ia z a c a rb a z o le s  was th u s  a t tem p ted  
u s in g  p y r id a z in e  d e r i v a t i v e s  a s  s t a r t i n g  m a te r i a l s  and the 
b a s ic  s y n th e t ic  methods d e sc r ib e d  above.
D iscu ssion
The i n i t i a l  s ta g e s  o f  t h i s  work were based  on th e  
3orsche  type s y n th e s is  which h a s  been p re v io u s ly  mentioned# 










The p r e p a r a t io n  o f  C h lo rpy ridazy lhy  dr a z in e  and i t s  
cyclohexanone d e r iv a t i v e  h a s  been d eso rib ed  i n  s e c t io n  
one# The f i n a l  s ta g e  o f  th e  s y n th e s i s  d io u ld ,  by analogy  
to th e  re c o g n ise d  mechaaism f o r  th e  F is c h e r  In d o le  
s y n th e s i s ,  p roceed  as  shown below.
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There a re  a  v a r i e ty  of methods which can be used 
to  b r in g  abou t t h i s  type o f  r e a c t i o n .  Some of th e  more 
r e a c t i v e  phezy lhydrazones can be o b e l is e d  by b o i l i n g  in  
d i l u t e  m in e ra l  a c id  o r  even i n  a c e t i c  acid* The r e a c t io n  
is*  however, one in  which th e r e  i s  no g e n e ra l ly  a p p l ic a b le  
r e a g e n t .  A re a g e n t  which g iv e s  p r a c t i c a l l y  t h e o r e t i c a l  
y i e l d s  i n  one ca se  may y i e l d  h a rd ly  any c y c l i s e d  p ro d u c t  
i n  a n o th e r .  2hus, over a  p e r io d  o f  y e a r s ,  a  v a r i e ty  o f  
r e a g e n t s  have been employed.
The main methods have evolved  a s  more d r a s t i c  r e a g e n ts  
have become n e c e s s a ry .  Thus X ent(58) added c o n c e n tra te d  
h y d ro c h lo r ic  ac id  to  the a c e t i c  a c id  s o lu t io n .  A nother 
method used dry h y d ro c h lo r ic  a c id  g as  i n  b u ta n o l (5 9 ) ,  and 
f i n a l l y  th e  much more d r a s t i c  methods in v o lv in g  h e a t i n g  
w ith  z inc  c h lo r id e  o r  w ith  po ly  phosphoric  a c id  have been 
d ev e lo p ed .
Thus i n  t h i s  i n v e s t i g a t i o n  t i e  c h lo rp y r id a z y l  hydraaone 
was f i r s t  t r e a t e d  w ith  th e  m ild e r  r e a g e n ts  such as  a c e t i c
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a c id ,  d i l u t e  s u lp h u r ic  ac id  and a c e t i c  a c id  w ith  concen­
t r a t e d  h y d ro c h lo r ic  ac id  added* idle tim es o f  h e a t in g  
were v a r ie d  up to  a  l i m i t  o f  e i g h t  hours*  In  th e  f i r s t  
two in s t a n c e s  i t  was found t h a t  th e  s t a r t i n g  m a te r i a l  was 
r e tu rn e d  unchanged* She hydrazone was th u s  s t a b l e  under 
th e se  c o n d i t io n s .
With th e  t h i r d  reag e n t i t  was fbund t h a t  even i f  
b o i le d  f o r  only one hour marked h y d r o ly s i s  o cc u rred  to  
y i e l d  th e  compound shown below. In  the  r e a g e n t  employed 
a c e t y l a t i o n  a lso  occurs* I t  i s  assumed to  be a  - a c e t y l  
compound a s  suggested  by Corson(60) i n  a  s im i la r  in s ta n c e *
2he hydrazone was n e x t  t r e a t e d  w ith  c o n c e n tra te d  
s u lp h u r ic  a c id  in  the  cold* $0 r e a c t io n  o cc u rred  and the
S t a r t i n g  m a t e r i a l  was aga in  i s o l a t e d  i n  good y i e l d  from 
th e  r e a c t i o n  m ix tu re .
I t  was a l s o  found t h a t  t r e a tm e n t  with z inc  c h l o r id e  
a t  150°C f o r  twenty m inu tes  a g a in  y ie ld e d  unchanged c h l o r -  
p y r id a z y lh y d ra z o n e .
CO^CH^
m ix tu re  was th en  h ea ted  to  1£0°C fo r  f i f t e e n  m in u te s .
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In  a  f i n a l  s e r i e s  o f  a t te m p ts  to  o b e l i s e  t h i s  hydrazone 
p o l^ p h o sp h o r ic  ac id  was used a s  r e a g e n t .  In  the f i r s t  
experim ent p o lyphosphoric  a c id  was used a t  a  tem pera tu re  
o f  100°C f o r  th r e e  hours#  2here seemed to  be some r e a c t io n  
s in c e  th e  m ix tu re  became brown in  c o lo u r .  On i s o l a t i n g  
th e  p ro d u c t  however, s t a r t i n g  m a te r i a l  was o b ta in ed  in  
a lm o s t 100yi> ^ ie ld #  The time of r e a c t io n  was now v a r ie d  
to  an upper l i m i t  o f  e i g h t  h o u r s .  In  a l l  c a s e s  s t a r t i n g  
m a te r i a l  was r e tu r n e d  undhanged from the  r e a c t i o n  m ixture#
fh ese  ex p e rim en ts  were re p e a te d  a t  a  te m p era tu re  o f  
200°C, th e  same time v a r i a t i o n  b e in g  a l lo w ed . I t  was 
found t h a t  a t  t h i s  tem p era tu re  r a p id  and d r a s t i c  decompos­
i t i o n  o c c u rre d ,  and f o r  t h i s  re a s o n  no p ro d u c t  cou ld  be 
i s o l a t e d •
U sing « r e a c t i o n  te m p era tu re  of  180°Q f a r  a  tim e o f  
th re e  h o u rs  i t  was noted t h a t  a l though  c o n s id e ra b le  
d ecom posit ion  o cc u rred  g iv in g  a  brown tarrjp p ro d u c t ,  a  
sm a ll amount o f  a pu re  p ro d u c t  could  be i s o l a t e d .  2his 




!£he p re se n ce  of a m olecule o f  water o f  c r y s t a l l i s a t i o n  
i s  a l s o  in d ic a te d  by i t s  unusua l m e lt in g  p o in t*  ( s o f t e n s  
to  a  g l a s s  a t  135°0, m e l ts  a t  1 45°0 ) . 02he m a te r i a l  was 
c o n v e rted  to  i t s  p i c r a t e  by b o i l in g  i t  w ith  an  a lc o h o l ic  
s o lu t io n  o f  p i c r i c  ac id*  'Jhis gave th e  co rre sp o n d in g  
p i c r a t e  w ith o u t  any w ater  o f  o r y s t a l l i s a t i o n .  Ihe y i e l d s  
o f  both  th e s e  m a te r i a l s  were very low, due p robab ly  to the 
amount o f  decom position  which o c c u r r e d .  However, i t  was 
found t h a t  below t h i s  tem p era tu re  no c y e l i s a t i o n  could  be 
induced*
lihus th e  p r e p a r a t io n  o f  l : 2 - d ia z a c a r b a z o le  by th e  
Borsche method seems ex trem ely  d i f f i c u l t *  '.Chore i s ,  
how ever, some ev idence t h a t  c y e l i s a t i o n  does occur to  a  
sm a ll d eg ree  under the  c o n d i t io n s  o f  the f i n a l  experiment*
A s y n th e s i s  o f  l :2 - d ia z a o a rb a z o le  was now a ttem p ted  
u s in g  a method analogous to t h a t  o f  Graebe and Ullmann#
I t  h a s  been p re v io u s ly  m entioned t h a t  3 :6 -d ib ro m o p y r id a z in e  
cou ld  be condensed w ith  £ - n i t r a n i l i n e  to g iv e  3-bromo-6~ 
( £ - n i t r a n i l i n o  ) - p y r id a z in e • S h is  p ro d u c t  was th e r e f o r e  
used i n  th e  r e a c t io n  scheme shown below#
\
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B eduction  o f  the above mentioned n i t r o  compound was c a r r i e d  
o u t i n  th e  u su a l  manner u s in g  Bane^ n ic k e l  a s  c a t a l y s t .
The amine th u s  ob ta ined  was a l s o  c h a r a c te r i s e d  b# conver­
s io n  to i t s  p i c r a t e .  Shis amine was th e n  d ia z o t i s e d  
u s in g  a  m ix tu re  of a c e t i c  a c id  and p o ta ss iu m  n i t r i t e .
On warming th e  d ia z o t i  s a t io n  s o lu t i o n  th e  t r i a z o l e  shown 
above was o b ta in e d .  This compound was a l s o  c h a r a c t e r i s e d  
b^ c o n v e rs io n  to  i t s  p i c r a t e .
The f i n a l  s ta g e  of t h i s  s y n th e s i s  depends on the
tendency fo r  t r i a z o l e s  to  lo s e  n i t r o g e n  on h e a t i n g .  The
h e a te d  n
t r i a z o l e  was th e r e fo r e /u p  to  a  tem p era tu re  o f  250UG. In
a l l  c a s e s  i t  was found t h a t  the  t r i a z o l e  was r e tu rn e d
unchanged•
This i s  in  accord  with th e  known f a c t s ,  s in ce  i t  i s  
known t h a t  the p re se n ce  o f  c e r t a i n  u n s a tu ra te d  groups 
g r e a t l y  i n h i b i t s  t h i s  lo s s  o f  n i t r o g e n  to ^ i e ld  th e  
o a r b a z o le ( 6 l )  (6 2 ) .
An e f f o r t  was n e x t  made to form th e  t r i a z o l e  r in g  
i n  a  d i f f e r e n t  p o s i t i o n  i n  the hope t h a t  the r i n g  might
-  51
th e n  be more e a s i ly  cleaved  
sequence i s  shown below.
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A ttem pts  to n i t r a t e  3 :6 - d ic h lo r o -  and 3 :6 -d ib rom o- 
p y r id a z in e  were u n s u c c e s s fu l .  I h i s  i s  p robab ly  due to  
th e  marked i n a c t i v i t y  o f  the r i n g  system tow ards n u c le o -  
p h i l i c  r e a g e n ts ,  due p a r t l y  to the p re se n ce  o f  the two 
n i t r o g e n  atoms and a ls o  to  th e  p rese n ce  o f  the two c h lo r in e  
atom s. Bven when r e f lu x e d  w ith  fuming n i t r i c  a c id ,  no 
n i t r a t i o n  was ob se rv ed . Qhere was however, an h y d ro ly s i s  
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This a g a in  i l l u s t r a t e s  the marked d i f f e r e n c e  in  r e a c t i v i t y  
o f  the  h a lo g e n  atoms*
An a t te m p t  was n ex t made to n i t r a t e  3 ;6 - p y r id a z in e d io l  
under  ana logous  c o n d it io n s*  A v ig o ro u s  r e a c t i o n  took  
p la c e  i n  th e  cold* The p ro d u c t  o f  t h i s  r e a c t io n  had a 
h ig h  m e lt in g  p o in t  and showed a c id ic  p r o p e r t i e s *  I t  was 
found im p o ss ib le  to  i d e n t i f y  t h i s  compound in  the  u s u a l  
manner* Kven u s in g  i n f r a - r e d  spectrum  a n a l y s i s  , no 
i d e n t i f i c a t i o n  was p o s s i b l e .  However, i n  th e  co u rse  o f  
t h i s  i n v e s t i g a t i o n ,  t h i s  compound was se n t  f o r  i n f r a - r e d  
a n a ly s i s  a lo n g  w ith  3 : 6 - d ic h lo r o -  and 3 : 6 -d ib ro m o p y r id a z in e . 
M aleic  h y d ra z id e  and one of th e  hydroxy compounds o b ta in e d  
above were a l s o  s e n t  f o r  i n f r a - r e d  a n a ly s is *
The s p e c t r a  o f  th e s e  compounds flowed a  s e r i e s  o f  
i n t e r e s t i n g  peaks* The g rap h s  a re  &own o v e r l e a f .  The 
g raph  o f  th e  unknown compound i s  n o t shown s in c e  th e re  was 
c o n s id e r a b le  doubt ab o u t i t s  p u r i ty *  T his was due to th e  






















































l^rom t h i s  d a ta  i t  can be seen  t h a t  th e  p y r id a z in e  r in g  
system  i s  c h a r a c te r i s e d  tv*o major p eak s :  one a t  a  wave
number o f  1400 th e  o th e r  a t  a  wave number o f  1150* S im ila r  
p eaks  a re  seen  in  D r u e ^ s  g raphs  o f  3 :6 - d ic h lo ro p ^ r id -  
a z in e .  These peaks tend to  become masked when h^drox^ 
g roups a re  p r e s e n t  due to  th e  e x te n s iv e  hydrogen bonding 
which o c c u r s .  i ’rom th e  g rap h s  reco rd ed  i t  seems t h a t  i n  
th o se  c a s e s  where th e  hydros# g roups a re  p r e s e n t ,  th e  
g roup ing  e x i s t s  in  th e  k e to  form and n o t  in  the ta u to m e ric  
eno l fbrm. The unknown compound seems to  be s im i l a r  in  
form to 3 :6 -p ,y r id a z in e d io l  i t s e l f  b u t  no d e f i n i t e  fo rm ula  
h as  been a s c r ib e d  to  i t *  S ince the o r i g i n a l  n i t r a t i o n  
was u n s u c c e s s fu l  t h i s  r e a c t i o n  sequence had to  be abandoned • 
In  a  f u r t h e r  a t te m p t  to  p re p a re  l ; 2 - d ia z a c a r b a z o le  th e  
r e a c t i o n  scheme shown below was used*
The i n i t i a l  c o n d e n sa t io n  was c a r r i e d  o u t  bj? h e a t in g  the 
r e a g e n ts  to g e th e r  in  eq u im o lecu la r  amounts with p o ta ss iu m
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c a rb o n a te  a s  c a t a ly s t*  I t  was th o u g h t p o s s ib le  t h a t  th e se  
c o n d i t io n s  m ight even b r in g  ab o u t the f i n a l  r i n g  c lo s u r e  
b u t  t h i s  d id  n o t occur# !lhe co n d e n sa t io n  p ro d u c t  was 
t h e r e f o r e  h e a te d  w ith  aluminium c h lo r id e  a t  220° C fo r  te n  
m inutes*  fIhe s t a r t i n g  m a te r ia l  was re tu rn e d  unchanged 
from th e  r e a c t io n  m ix tu re .  Shis c y e l i s a t i o n  was a lso  
a ttem p ted  u s in g  a  z inc  c h lo r id e  m e l t .  A h ig h e r  r e a c t io n  
te m p e ra tu re  and a  lo n g e r  tim e o f  r e a c t i o n  were used h e r e ,  
b u t  a g a in  no c y e l i s a t i o n  o cc u rred .  She s t a r t i n g  m a te r i a l  
was a g a in  recovered  unchanged from th e  r e a c t io n  m ix tu re .
fhus  due to th e  marked i n a c t i v i t y  o f  th e  p y r id a z in e  
r i n g  system th e  u su a l  methods o f  p r e p a r in g  a c a rb a z o le  
have fa i le d *  For t h i s  rea so n  i t  was decided to a t te m p t  
t h i s  c a rb a z o le  s y n th e s is  by a  more dev io u s  r o u t e .  She 
r e a c t i o n  sequence i s  shown in  p a r t  below.
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A c o n s id e ra b le  amount o f  work was c a r r i e d  o u t  on the
p r e p a r a t io n  o f  th e se  b a s ic  m a t e r i a l s .  2he m ethyl d e r iv ­
a t i v e s  were p rep a red  s in c e  th e  u l t im a te  s ta g e s  o f  th e  
s y n th e s i s  were as  shown below.
I t  was th o u g h t t h a t  th e  e th y l  a z o d ic a rb o x y la te  m ight 
r e a c t  w i th  th e  f r e e  HH group o f  the in d o le  n u c le u s .  fi!his 
p o s s i b i l i t y  a ro se  a f t e r  a  c o n s id e r a t i o n  o f  the work o f  
S to l l e  and R e ie h a r t (6 3 )  who had no ted  a  r e a c t i o n  w ith  
compounds vh ich  co n ta in e d  an a c t i v e  hydrogen atom. An 
example i s  g iv e n  below.
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The p r e p a r a t io n  o f  3 - in d o le a ld e h y d e  was f i r s t  a t tem p ted  
by th e  method o f  Hems(64).













However th e  o v e r a l l  y i e ld  from t h i s  method i s  q u i te  
low* A sm all amount o f  3 - in d o le a ld e h y d e  was however 
o b ta in ed  from t h i s  s y n th e s i s  and was l a t e r  used as  a 
specimen f o r  comparison*
An a t te m p t  was then  made to  p rep a re  3 - in d o le a ld e h y d e  
u s in g  dime t h y l f  orraamide acco rd in g  to  th e  method o f  djyson 
and Shaw(65). I t  was found t h a t  th e  very  s t r i c t  c o n t r o l  
o f  te m p e ra tu re  used in  th i s  method was n o t  w holly  bene­
f i c i a l ,  indeed  th e  r e a c t i o n  appeared  to proceed more 
smoothly i f  merely k ep t  under c o n t r o l  by ju d ic io u s  use 
o f  the i c e - b a t h .  This  i s  e s p e c ia l ly  t r u e  i f  the method 
i s  used w ith  1 -rae thy lindo le*  In  t h i s  ca se  th e  r e a c t i o n
•» 5S m
m ust be a l l e g e d  to  proceed  smoothly from the s t a r t  o r  the 
f i n a l  s ta g e s  a re  a lm ost u n c o n t ro l l a b le  • A m odified  
p ro ced u re  vs&b th e r e f o r e  u s e d .  At a  l a t e r  d a te  t h i s  
m o d i f ic a t io n  v^ae rep ea ted  a lm o st e x a c t ly  i n  a  pape r  by 
Smith, Ti?ho a l s o  suggested  a  mechanism f o r  the r o a c t i o n ( 6 6 )•
C' , o  \  ^
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On c o n s id e r in g  t h i s  mechanism however, i t  i s  d i f f i c u l t  
to  u n d e rs ta n d  s e v e ra l  p o i n t s  i n  th e  re a so n in g  employed
— 60 -
by Sm ith . For example he found t h a t  the p ro d u c t  o b ta in e d  
by p o u r in g  th e  fo rm u la t io n  m ix tu re  i n t o  w ater showed no 
spectrum  o f  3 - fo m jy l in d o le  u n t i l  i t  was d e f i n a t e l y  a l k a l i n e .  
The base which he i s o l a t e d  and to  which he  a s c r ib e d  the 
in d o le n in e  s t r u c t u r e  giown gave th e  spectrum  o f  3 -fo rm yl-  
in d o le  even i n  w a te r .  f h i s  su re ly  i n d i c a t e s  t h a t  he had 
caused  some decom position  d u r in g  h i s  i s o l a t i o n  o f  the b ase ,  
and t h a t  t h i s  base i s  n o t  n e c e s s a r i ly  in v o lv e d  i n  t h e  
r e a c t i o n .  Also th e  base which he c la im s  to  have i s o l a t e d  
cou ld  only a r i s e  r e a d i l y ,  i f  th e re  was a  Hydrogen atom 
on th e  H itro g en  o f  th e  in d o le  nucleus*  !This r e a c t io n  
h a s  been shown by t h i s  work to be e q u a l ly  f a c i l e  u s in g  
l-n »  th y 1 - in d o le .
For th e s e  re a so n s  i t  was though t t h a t  th e  r e a c t io n  





U sing t h i s  m odified  p rocedure  a  q u a n t i ty  o f  3 - in d o le -  
a ldehyde  was p re p a re d .
The m e th y la t io n  o f  in d o le  was i n i t i a l l y  c a r r i e d  o u t  
u s in g  th e  method o f  P o t t s  and S ax ton(67). This p ro ced u re  
in v o lv ed  th e  use o f  sodium i n  l i q u i d  ammonia. I t  was 
found t h a t  1 -m e th y l in d o le  cou ld  be p re p a re d  In  com parable 
y i e l d s  u s in g  00l i d  po tass iu m  hydrox ide  and m ethyl io d id e  
i n  a c e to n e .  fIh is  r e s u l t  i s  o f  c o n s id e ra b le  I n t e r e s t  
s in c e  th e  n-roe t h y l a t i o n  o f  in d o le  by a sim ple method h a s  
no t p re v io u s ly  been c a r r i e d  o u t .  Hormal m e th y la t io n  
te c h n iq u e s ,  o th e r  th a n  th o se  u s in g  sodium o r  p o ta ss iu m  
i n  l i q u i d  ammonia, g iv e  a  m ix tu re  of x>roducts which i s  
s e p a ra te d  only w ith  d i f f i c u l t y .  The 1 -m e th y l in d o le  th u s  
o b ta in e d  was converted  to  1-met h y l - 3 - i n d o le -a ld e h y d e  by 
th e  m odified  f o r n y la t io n  p ro ced u re  m entioned above.
■ i- M e th y la t io n  o f  3 - in d o le  a ldehyde was c a r r i e d  o u t  as 
d e s c r ib e d  by h ie la n d ,  &onz and M it ta sc h (6 8 )  u s in g  m ethyl 
s u lp h a te  i n  aqueour c a u s t i c  soda .
An a t tem p t was now made to condense 3 - in d o le a ld e h y d e  
w ith  malonic a c id .  This type o f  r e a c t i o n  had been 
s tu d ie d  p re v io u s ly  by I to t t(6 9 )  who had found t h a t  a l though  
th e  c o n d e n sa t io n  o f  malonic a c id  w ith  a l k y l  a ldehyde gave 
on ly  m ono-carboxylic  a c id s ,  a  s im i la r  c o n d e n sa t io n  w ith  
a r y l  a ldehyde g e n e ra l ly  y ie ld e d  th e  d ie a rb o x y l ie  a c id .
He d id  how ever, n o te  t h a t  d e c a rb o x y la t io n  o cc u rred  Very
-  62 -
r e a d i ly  i n  p y r id in e  e s p e c ia l ly  i f  the r e a c t i o n  was h e a te d .  
Pandya and Pandya(70) u s in g  a  s im i la r  method h u t  h e a t in g  
th e  r e a c t i o n  were a b le  to  p re p a re  a v a r i e ty  o f  mono-c&rboxy-
l i e  a c id s  from malonic a c id .  An example o f  t h e i r  work i s
g iven  in  the Jo u rn a l  o f  Chemical E duca tion , whereby they 
p re p a re d  cinnam ic ac id  from benzaldehyde and m alonic a c id .
The method used by D utt re q u ire d  a  slow r e a c t i o n  a t  
room te m p e ra tu re  f o r  s ix ty  h o u r s .  This method y ie ld e d  
3 - i n d o l y l a c r y l i c  a c id .  This method was m odified  i n  the  
fo l lo w in g  m anner. !ihe r e a g e n ts  were mixed and warmed to 
f o r t y  d e g re e s  f b r  ten  m inu tes  and then  allow ed to  coo l
and s ta n d  a t  room te m p era tu re  f b r  t h r e e  h o u r s .  In  t h i s
way 3 - i n d o l y l a c r y l i c  a c id  was o b ta in e d .  I t  i s  i n t e r e s t i n g  
to  n o te  t h a t  i n i t i a l l y  a  w h ite  m i c r o - c r y s t a l l i n e  s o l i d  i s  
o b ta in e d  which m e l ts  a t  a much low er tem p era tu re  th a n  3- 
i n d o l y l a c r y l i c  ac id  and ev o lv es  ca rbon  d io x id e  a t  t h i s  
low er te m p e ra tu re .  I t  was th o u g h t  th a t  t h i s  m ight a n a ly se  
f o r  the co rre sp o n d in g  d ic a r b o x y l ic  a c id  b u t  t h i s  was n o t  
th e  c a s e .  I t  m i$ i t  w e ll  be t h a t  t h i s  was p a r t i a l l y  
d e c a rb o x y la ted  m a t e r i a l ,  s in c e  on f u r t h e r  r e c r y s t a l l i s a t i o n  
from  m ethyl cyan ide  the c o lo u r  d arkens  and pu re  3 - ln d o ly l -  
a o r y l i c  a c id  i s  o b ta in e d .  U sing l -m e th y l -3 - in d o le a ld e h y d e  
u nder  th e se  c o n d i t io n s  only the d ic a r b o x y l ic  a c id  was 
o b ta in e d .  Aven a f t e r  p ro longed  c r y s t a l l i s a t i o n  the  two 
ca rb o x y l g roups were u n a f f e c t e d .  Thus the m ethyl group 
a t t a c h e d  to th e  n i t r o g e n  seems to s t a b i l i s e  the m alonic 
a c id  adduc t so t h a t  subsequen t d e c a rb o x y la t io n  does n o t  o c c u r .
63 -
The e x a c t  n a tu re  o f  t h i s  s t a b i l i s a t i o n  canno t be 





















Ulus in  the  case  o f  th e  n -m e th y la te d  compound, w herein  
no p re l im in a ry  hydrogen io n  m ig ra t io n  could  o c c u r ,  any 
s im i la r  d e c a rb o x y la t io n  mechanism would g iv e  r i s e  to 
th e  u n fa v o u ra b le  a l l e n e  s t r u c t u r e  and i t  i s  th u s  assumed 
t h a t  t h i s  i s  th e  rea so n  f o r  th e  s t a b i l i s a t i o n  e f f e c t#
64 -
Both o f  th ese  compounds p o s s e s s  a  p o t e n t i a l  d ien e  
system  which might undergo a  D ie ls -A ld e r  r e a c t io n .  Por 
t h i s  re a s o n  a t te m p ts  were made to r e a c t  th e se  m a te r i a l s  
w ith  th e  d ie n o p h i le ,  e th y l  a z o d ic & rb o x y la te .
A v a r i e ty  o f  r e a c t io n  te ch n iq u e s  were used to  b ring  
ab o u t t h i s  r e a c t i o n .  'ihe r e a g e n ts  were hea ted  to g e th e r  
w i th o u t  s o lv e n ts  and l a t e r  in  x y len e  w ith o u t  the fo rm a tio n  
o f  any a d d u c t .  She ex p e rim en t was re p e a te d  in  the  p re se n c e  
o f  a c id  c a t a l y s t  a s  i n  th e  work o f  hodgmann and W righ t(7 1 ) ,  
b u t in  no in s ta n c e  was i t  p o s s ib le  to  b r in g  ab o u t a  r e a c t i o n .
fhus  t h i s  r e a c t io n  scheme was abandoned due to  th e  
f a i l u r e  o f  t h i s  v i t a l  s tag e  o f  th e  s y n th e s i s .  fhe 
su sp e c te d  p o s s i b i l i t y  cf r e a c t i o n  between the BH group 
o f  the in d o le  n u c leu s  and the e th y l  a z o d ic a rb o x y la te  was 
n o t  s u b s t a n t i a t e d  and the s t a r t i n g  m a te r i a l  was reco v e re d  
unchanged.
In  a  f i n a l  a t te m p t to  p re p a re  a  l :2 ~ d ia z a c a r b a z o le ,
I s a t i n  was used a s  s t a r t i n g  m a t e r i a l .  A ccording to  
L indw all and teaclennan(72) i t  had been fbund p o s s ib le  to 
condense I s a t i n  w ith  acetophenone and a c e to n e .  By the 
r e a c t i o n  sequence shown below th e se  ad d u c ts  m i^xt be made 
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In  the cou rse  o f  t h i s  T?orJc s e v e r a l  i n t e r e s t i n g  f a c t s  
a r o s e .  I t  was found t h a t  3 -h y d ro x y -3 -p h en acy lo x in d o le  on 
t r e a tm e n t  w ith  h y d raz in e  h y d ra te  was decomposed r a p id ly  
to  I s a t i n  and acetophenone and the hydrazone o f  I s a t i n  
was i s o l a t e d  from th e  r e a c t i o n .  3h is  i s  f u r t h e r  indign­
a t i o n  o f  the ease  w i th  which 3 -hydro2iy-3-phenacyloxindole  
i s  decomposed, a s  was suggested  by I ln d w a l l  and ilac lennan  
(72) i n  t h e i r  i n t e r p r e t a t i o n  o f  th e  i< ltz in g er  mechanism 
whereby 3 -h y d ro x y -3 -p h en aey lo x in d o ie  i s  converted  to  
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lSieee w orkers $iot? t h a t  compound (1) below i s  
u n l ik e ly  a r  th e  p en u l t im a te  s t e p ,  s in c e  sim ple  h ^ d r o l^ t io  
c leav a g e  o f  3-phen:mC£lidenocxindole d io a ia  p i e l d  th e  
same compound i f  t h i s  were t r u e .  In  a c t u a l  f a c t  
i s  n o t  th e  case  and i t  th u s  seems t h a t  the  p e n u l t im a te  
f t e p  i n  th e  fo rm a tio n  o f  c inchophen  l e  t i e  fo rm a tio n  o f









Sine© th e  hydrazone o f  i s a t i n  h as  been i s o l a t e d  under 
th e  above r e a c t i o n  c o n d i t io n s ,  i t  does a f fo rd  f u r t h e r
ev idence  th e  r e v e r s e  a ld o l  co n d en sa tio n  p re c e d e s  any r i n g
r
c l e a v a g e .
In  an a t te m p t to  p re p a re  th e  hydrazone o f  3 -p h en aey l-  
id e n eo x in d o le  i t  was found t h a t  th e  d a rk -re d  c o lo u r  o f  the 
p a r e n t  compound was l o s t  and a w h ite  p ro d u c t  was i s o l a t e d .  
This would seem to  in d ic a t e  t h a t  th e  c o n ju g a t io n  o f  double 
bonds p r e s e n t  in  the p a r e n t  compound had been d e s tro y e d ,  
and t h a t  th e  hydrazone had c y c l i s e d  to y i e l d  the iso m eric  
p y ra z o lo n e .  T h is  e f f e c t  had been p r e v io u s ly  no ted  and in  
the case  o f  pulegone i t  had been proved t h a t  t h i s  o c c u rs ,  
by s y n th e s i s in g  the p y ra z o le n e  by an unaabiguous r o u te .
The l o s s  of  c o lo u r  and hence c o n ju g a t io n  i n  the com­
pounds examined above would l a r g e ly  i n d i c a t e  th e  fo rm atio n  
o f  the p y ra z o le n e  s t r u c t u r e .  This  was f u r t h e r  proved by 
a c o n s id e r a t i o n  o f  the i n f r a - r e d  s p e c t r a  o f  th e  compounds.
The spectrum  o b ta in ed  from t h i s  compound was compared 
w ith  th e  s p e c t r a  o f  the  compounds shown below .
m
The s p e c t r a  show a  c o n s id e ra b le  degree  o f  s i m i l a r i t y ,  
th e  g rap h s  a re  reco rded  o v e r l e a f .




















-  70 -
Qxindole i t s e l f  shows maxima a t  wave numbers o f  1740, 
1640, 1480 and 1420. She su b s tan ce  su sp ec ted  o f  be in g  the 






shows maxima a t  1740, 1650, 1480 and 1410 w ith  no marked 
band a t  800. How th e  g ro u p in g  ^.own below i s  c h a r a c te r i s e d  
b^ a marked peak a t  800.
04’*“'
In  an e f f o r t  to n o te  th e  e f f e c t  o f  the  o x in d o le  n u c leu s  
on t h i s  peak th e  compound shown below was a l s o  examined.
NH
I t  showed p eaks  a t  1740, 1700, 1640, 1490 and a ver^? marked 
peak a t  782. IChis f u r t h e r  i n d i c a t e s  t h a t  the group in
-  71
q u e s t io n  i s  a b s e n t  from the hydrazone o f  3 -p h en ac y lid en e -  
ox indo le  and t h a t  th e  a s c r ib e d  py razo len e  s t r u c t u r e  i s  the 
c o r r e c t  one*
The 3 -p h e n a c y lid in e o x in d o le  was reduced by the method 
o f  L indw all and I£aclennan(72) u s in g  sodium d i t h i o n i t e *  
3 -Phenacy lox indo le  was th u s  o b ta in ed  and co n v e rted  to  i t s  
hydrazone* A ttem pts  were th e n  made to c o n v e r t  t h i s  m a te r i a l  
to  the compound shown below,
to  which we a s s ig n  the name of 3 - p h e n y l - 3 :4 - d ih y d ro - l :2 -  
d ia z a c a r b a z o le .
fi h i s  c y c l i s a t i o n  i s  a lm ost wholly analogous to  the 
work on th e  amidine s y n th e s i s  c a r r i e d  o u t by Sen and Hay(73) 
who s u c c e s s fu l ly  condensed an amine w ith  an acylam ine by 
the a c t io n  o f  phosphorus t r i c h l o r i d e *  A ttem pts  to fo l lo w  
the work o f  Sen and Hay in  t h i s  in s ta n c e  were however 
u n s u c c e s s fu l .  The hydrazone o f  3 -p h en a c y lo x in d o le ,  w ith  
phosphorus t r i c h l o r i d e  under r e f l u x ,  gave a h y d ro ly s i s  
p ro d u c t  which from i t s  mixed m e l t in g  p o in t  seemed to be 
3 -p h en ao y lo x in d o le  •
-  7 2  -
A ttem pts  to b r in g  ab o u t th e  c y c l i s a t i o n  by means of  
poly p hosphoric  a c id  a t  1Q0°C were a lso  u n s u c c e s s fu l .  A 
p ro d u c t  was i s o l a t e d ,  b u t i t s  a n a ly s i s  f i g u r e s  d id  no t 
co rrespond  to  those  o f  the above c a r b a z o le . !Ihe compound 
th u s  o b ta in e d  was r a t h e r  i n s o l u b le  but was f i n a l l y  cry s t a l l -  
i s e d  from e th a n o l  and w a te r .  ' ih is  p ro d u c t  on a n a ly s i s  
gave f i g u r e s  which in d ic a te d  th e  lo s s  o f  an atom o f  n i t r o g e n ,  
ihe compound seemed to be th e  one shown below.
I t  i s  suggested  t h a t  th e  change o cc u rs  by way o f  an 
u n u su a l Beckmann re a r ran g em en t.  'ihe use  o f  poly phosphoric  
ac id  i n  t h i s  r e a c t io n  had been d e sc r ib e d  p re v io u s ly  by 
H orning and S trom berg(74) .  In  t h e i r  work they  showed 
t h a t  p o ly p h o sp h o ric  ac id  cou ld  be used to  g iv e  amides from 
aldoxim es and t h a t  i n  cyclohexenone oximes the Wolff 
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F ollow ing t h i s  i d e a ,  the mechanism suggested for  the re a c tio n  
in  t h is  case i s  shown below*
















O -  C - Chz -
fhe i n f r a - r e d  spectrum  o f  t h i s  compound i s  reco rd ed  
and i t  does g iv e  some su p p o rt  to  t h e  fo rm ula  su g g e s te d ,  
fhe peaks  a re  a l l  r a t h e r  sm all b u t  a  d e f i n i t e  peak i s  to 
be no ted  a t  a  wave-na$ber o f  1675 which i s  c o n s i s t e n t  
w ith  a  t e r t i a r y  amide group w ith  a phenol group on the 
n i t r o g e n  atom.
-  74 -
I t  a l s o  seems t h a t  th e re  i s  l i t t l e  i n d i c a t io n  o f  a 
peak  due to  an UH group and f o r  t h i s  re a so n  a  resonance  
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-  75 -
An a ttem p t was a l s o  made to  c h l o r i n a t e  3-phenaeyl~  
o x in d o le  so t h a t  the r e s u l t i n g  eh lo ro  compound m ight y i e l d  









This a ttem p ted  c h l o r i n a t i o n  was a l s o  u n s u c c e s s fu l  and the 
a t te m p t  to  s y n th e s is e  the c a rb a z o le  by t h i s  r o u te  had a l s o  
to  be abandoned.
Thus a lthough  u n s u c c e s s fu l  in  i t s  o r i g i n a l  co n c ep t 
t h i s  work on i s a t i n  y ie ld e d  s e v e r a l  new compounds and a lso  
le n d s  f u r th e r  su p p o r t  to  the  mechanism suggested  by l in d w a l l  
and H aclennan f o r  th e  fo rm a tio n  o f  c inchophen .
Thus th e  a t te m p ts  to  p re p a re  l :2 - d i a z a c a r b a z o le s  have 
in  g e n e ra l  f a i l e d  a t  a  v i t a l  s t a g e .  some measure o f  su ccess  
was ach ieved  u s in g  po lyphosphoric  a c id  a s  r e a g e n t  i n  the 
Borsche type s y n th e s i s  b u t t h i s  y ie ld e d  only a  sm all amount 
o f  th e  te t ra h y d ro  compound and a  c o n s id e ra b le  amount of  
work to  improve the y i e ld  must be done b e fo re  t h i s  method 
can  be ready f o r  p u b l i c a t i o n .
A ttem p ts  were now made to  s y n th e s is e  th e  ana logous 
1 :3-d  la z a c a x b a z o le  system .
L i t t l e  work h as  been done i n  t h i s  f i e l d  but th e  
u n p u b lish ed  work o f  E l l i s ( 7 5 )  and G en tle s (7 6 )  does shea 
some l i g h t  on the problem .
Using a P sch o rr  e y e l i s a t i o n ,  E l l i s  had a ttem p ted  to 
r i n g  c lo s e  th e  two compounds shown below f
Me
b u t  he d id  n o t  o b ta in  th e  d e s i r e d  p r o d u c t s .  In  the  
f i r s t  c a se  a  p ro d u c t  o f  i n c o n s i s t e n t  m e l t in g  p o in t  was 
o b ta in ed  and E l l i s  was never a b le  to o b ta in  t h i s  i n  a  
p u re  form; i n  th e  second in s t a n c e  e y e l i s a t i o n  occu rred  




G en tle s  r e - i n v e s t i g a t e d  th e  f i r s t  su b s tan ce  b u t  found 
t h a t  th e  diazo in te rm e d ia te  which he o b ta in e d  was n o t  
above su s p ic io n  s ince  i t  was rem arkably  s ta b le  a id  showed 
no tendency to  coup le  w ith  j ' - n a p h t h o l .  A ttem pts to 
c y c l i s e  t h i s  m a te r ia l  f a i l e d  and no homogenous p ro d u c t  
was o b ta in e d .
G en tles  a l s o  a ttem pted  th e  e y e l i s a t i o n  o f  2 - c h lo ro -  
5 -am ino-4-pheny lam inopyrim id ine  by a  Graebe-Ullmann 
r e a c t i o n .  He o b ta in e d  1he expected  t r i a z o l e  5&own below,
b u t  on a t te m p tin g  i t s  p y r o l y t i c  c leav ag e  he o b ta in e d  only 
a  t r a c e  o f  m a te r i a l  which seemed to be 2 - c h l o r o - l : 3 -  
d ia z a c a r b a z o le .
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'Ihe r e a c t i o n  sequence followed i s  shown below.
© t)
KC\
-  80  -
U ra c i l  was f i r s t  p rep a red  by th e  method o f  Davidson 
and B audisch(77) a s  m odified  by Chi and Ghen(78)* I t  
was found ex trem ely  d i f f i c u l t  to  keep th e  tem p era tu re  
c o n t r o l  a s  r ig o ro u s  as  th e se  w orkers  had sugges ted  and 
th e  f i e l d s  o b ta in ed  were lower th an  th o se  claim ed* For 
t h i s  r e a s o n ,  U ra c i l  was p rep a red  from th e  com m ercially  
a v a i l a b le  t h i o - u r a o i l  by th e  use o f  c h lo r o a c e t ic  a c id  a s  
d e s c r ib e d  by A lb e r t  and Brown(79), f h i s  gave an  a lm o st 
t h e o r e t i c a l  y i e l d  o f  u r a c i l*
S i t r a t i o n  of  u r a c i l  was c a r r i e d  o u t i n  the  u s u a l  
manner u s in g  fuming n i t r i c  ac id  under r e f lu x *  S h is  
r e a c t i o n  i s  i n t e r e s t i n g  vfaen one c o n s id e r s  the  v ig o ro u s  
r e a c t i o n  which fuming n i t r i c  a c id  had on 3 : 6 -d ihyd roxy - 
p y r id a z in e  even i n  the cold*
C h lo r in a t io n  o f  t h i s  compound was c a r r i e d  o u t  i n  the  
u s u a l  way(80) (81) (82) u s in g  phosphorus o x y c h lo r id e  i n  
th e  p re se n c e  o f  dime thy l a n i l i  n e .  She m ix tu re  was k e p t
r e f l u x i n g  v ig o r o u s ly .  2he l a t e s t  paper  by Brown(82) on 
t h i s  r e a c t i o n  p o in te d  out th e  need f b r  a  time la p s e  
betw een p o u r in g  th e  r e a c t i o n  m ix tu re  i n t o  w ate r  and 
e x t r a c t i n g  th e  d e s i re d  compound w ith  e th e r*  f h i s  was i n  
d i r e c t  c o n t r a d i c t i o n  to t h e  f i r s t  two p a p e rs (8 0 )  (81) 
w here in  immediate working up was s p e c if ie d *
In t h i s  work a  m o d i f ic a t io n  was used which u p h o ld s  
the f in d in g s  o f  Brown(83) w ith  re g a rd  to th e  s t a b i l i t y  
o f  2 ; 4 - d i c h l o r o - 5 - n i t r o p y r i a i d i n e .  In  t h i s  m o d if ic a t io n
81 -
i t  was found neoessa rp  to  wash th e  e x t r a c t  o b ta in e d  w ith  
a  l i t t l e  sodium b ic a rb o n a te  s o lu t io n  to  remove the l a s t  
t r a c e s  o f  acid*
A t t h i s  s ta g e  i t  was no ted  t h a t  i f  a  l a r g e r  q u a n t i ty  
o f  dim e th p la n i  l i n e  was employee i n  th e  r e a c t i o n  and the 
tim e o f  r e a c t i o n  was d io r ta n e d  th e n  a n o th e r  p ro d u c t  was 
formed -  4-chlcro-2-m Q thplphenplam ino~ 5 - n i t r o p p r im id in e .  
S h is  type o f  r e a c t io n  h as  been no ted  b e fo re (8 4 )  (86) and 
i n  t h i s  l a t t e r  paper King and h i s  co -w orkers  had p roved  
t h a t  th e  p ro d u c t  was due to  rep lacem en t o f  th e  2 -c h lo ro  
atom bp a  m ethplphenplamino fragm ent* f h i s  compound was 
c o n v e r te d  to  i t s  e t h p l  e t h e r  bp t r e a tm e n t  w ith  e th a n o l  
and c a u s t i c  soda*
2 ;4 -d io h lo r o -5 - n i t r o p p r im id in e  was co n v e rted  to
2 -c h lo ro -4 -m e th p lp h en p la m in o -5 -n itro p p rim i& in e  bp t r e a tm e n t  
w i th  n - ra e th p la n i l in e  i n  e th a n o l  a t  0°C* Care must be 
ta k e n  h e re  as  double rep lacem en t o cc u rs  a t  h ig h e r  
tempe r  a tu r e  s ( 7 6 ) •
2 h is  compound was then  co n v e rted  to  i t s  e t h p l  e t h e r  
bp t r e a tm o a t  w ith  e th a n o l  and c a u s t i c  soda* 5 h is  p ie ld e d
2 -e th o x p -4 -ra e th p lp h e n p lam in o -5 -n itro p p r im id in e  • In  t h i s  
wap both iso m eric  e t h p l  e t h e r s  were p repared*
2 - Ohioro -4 -m e th p lp h en p la m in o -5 -n itro p p rim id in e  was 
th en  reduced bp means o f  a  p a l la d iu m /s t r o n t iu m  c a rb o n a te  
c a t a l p s t  i n  e th a n o l .  i l i i e r e d u c t io n  removed the c h lo r in e  
from the 2 - p o s i t i o n  and the  amine h p d ro c h lo r id e  was i s o la te d *
A ttem pts  were then  made to  c y c l i s e  t h i s  m a te r i a l  bp
a P sc h o r r  type o f  e y e l i s a t i o n .  A v a r i e ty  o f  methods were
employed, b u t ,  in  a l l  o a s e s  i t  was found t h a t  th e  fo rm a tio n
o f  a d iazo  in te rm e d ia te  was im p o ss ib le  a s  th e re  was a
oc o p io u s  e v o lu t io n  o f  n i t r o g e n  even a t  0 0 . Ohis type 
o f  d i f f i c u l t y  h a s  been noted p r e v io u s l y (81) bp V shittaker 
i n  th e  ca se  o f  5 -am in o -p y r im id in e . fke  f a c t  t h a t  t h i s  
d eco m p o sit io n  o ccu rred  and t h a t  G e n t ie s (76) had been a b le  
to  i s o l a t e  a  s t a b l e  d iazonium  compound g iv e s  su p p o r t  to 
W h it ta k e rs  c o n te n t io n  t h a t  " th e  a b i l i t y  to  form d ia z o -  
compounds map w e l l  be con fined  to th o se  5 -am inopprim id ines  
w ith  a t  l e a s t  one h y d roxy l s u b s t i t u e n t " .
'Jhus th e  a ttem p ted  e y e l i s a t i o n  o f  our compound was 
u n s u c c e s s fu l  and a  new approach to  l : 3 - d i a z a c a r b a z o le  had 
to  be found.
I t  was thought t h a t  a Graebe-Ullmann type o f  s y n th e s i s  
s im i l a r  to t h a t  used by Gen t i e s  (76) might o f f e r  a  s o lu t io n  
to  th e  problem . fhe  proposed r e a c t io n  sequence I s  ^iown 
below.
-  83 -
fhe i n i t i a l  s ta g e  was c a r r i e d  o u t  u s in g  our m o d if ied  
c h l o r i n a t i o n  p ro ced u re  and gave a  good ^ i e l d  of 2 :4 -  
d ie h lo ro p ^ r im id in e *  On t r e a t i n g  “th i s  compound w ith
o - n i t r o a n i l in ©  i t  was found t h a t  onl^ a  double condens­
a t i o n  p ro d u c t  was ob ta ined*
At low te m p e ra tu re s  th e r e  was no r e a c t i o n  and a t  
more e le v a te d  te m p e ra tu re s  bo th  c h lo r in e  atoms were 
rep laced *
f h i s  i s  somewhat s im i la r  to th e  a c t i o n  of a n i l i n e  
on 3 :6 - d ic h lo r o p ^ r id a z in e .  In  t h a t  in s t a n c e  however, 
i t  was found p o s s ib le  to  o b ta in  3 - a n i l in o -6 - c h lo r o p j? r id -  
a z in e  b^ r e a c t i n g  a n i l i n e  w ith  3 - c h lo r o - 6 -e th o x y p ^ r id a z in e .
Fo r  t h i s  re a s o n  an a t te m p t was made to  p re p a re  2- 
c h lo ro -4 -e th o x ^ p ^ r im id in e  u s in g  e th a n o l  and c a u s t i c  soda 
s o lu t io n *  JSo e t h ^ l  e th e r  was o b ta in e d  and the r e a c t i o n  
seemed to be merely a  sim ple h ^ d r o l ^ s i s  o f  th e  c h lo ro  
g ro u p s .
I t  was indeed  shown t h a t ,  under the c o n d i t io n s  ^ h ic h  
had been used to  r e p la c e  h a lo g en  atoms in  3 :6 -d ih a lo g e n o -  
p ^ r id a z in e s  th e re  was l i t t l e  o r  no r e a c t io n  ex c e p t  a f t e r
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lo n g e r  t r e a tm e n t  i n  methanol and e thano l#  Bven a f t e r  
lo n g e r  t r e a tm e n t  n -p ro p an o l and c a u s t i c  soda s o lu t io n  
appeared to have no e f f e c t  on 2 ;4 -d ich lorop yr lm id in e .
[foils i t  would appear t h a t  th e  h a lo g en  atoms in  2 :4 -  
d ic h lo ro p y r im id in e  a re  l e s s  e a s i ly  r e p la c e d  than  the  
h a lo g e n  atoms o f  the p y r id a z in e  analogue •
In  a  f i n a l  a t te m p t to  p re p a re  a  l ;3 - d ia z a c a r b a z o le  
2 :4 -d ic h lo ro p y r im id in e  was r e a c te d  vd th  h y d ra z in e  h y d ra te  
in  e th a n o l .  'foe amount o f  h y d raz in e  was c a l c u l a t e d  to 
g iv e  only  m ono-replacem ent o f  h a lo g e n .  In  a l l  c a s e s ,  
double rep lacem en t occu rred  which seemed to g ive  a  
d ih y d ra z in o -d ih y d ro c h lo r id e .  f o i s  double rep lacem en t 
had a l s o  been  no ted  p re v io u s ly  under more v ig o ro u s  
c o n d i t io n s  by B o arland , McOmie and 2?imms(25). foe  e x a c t  
n a tu re  o f  the p ro d u c t  o b ta in e d  was n o t  too  c l e a r .
However, from l a t e r  work o f  Simms*86) i t  seems more
p l a u s i b l e  t h a t  what h as  i n  f a c t  o cc u rre d  i s  f i r s t l y  a  
s im ple  rep lacem en t by h y d ra z in e  and secondly a  q u a te r -  
n i s a t i o n  i n  the  2 - p o s i t i o n  to g ive th e  compound diown.
f o i s  i s  f u r t h e r  s u b s t a n t i a t e d  by th e  f a c t  t h a t  an a t te m p t
85 -
to  r e a c t  t h i s  compound w ith  cyclohexanone and benzaldahyde 
h a s  y ie ld e d  th e  hydroxy compounds shown below.






In th e  tim e a v a i l a b le  no f u r t h e r  work could  be c a r r i e d  
o u t  on th e se  compounds.
2hus th e  most p rom ising  method o f  o b ta in in g  a  1 :3 -  
d ia z a c a rb a z o le  seems to  be by a  Borsche type s y n th e s i s  
on th e  oyclohexanone compound diown above, though eyen 
h e re  th e r e  i s  th e  d i f f i c u l t y  i n  th e  f i n a l  s ta g e s  o f  r in g  
c l o s in g  on to  a  very  i n a c t i v e  r i n g  system .
-  86 -
exp i.mMm m
3-3rom o-6-( jD-egninoanilino )p y r id a g in e . -  3-Bromo-6~(£- 
n i t r a n i l i n o ) - p y r i d a z i n e  (0*45 g . )  was d is s o lv e d  i n  e th a n o l  
(Eh ml*) and t r e a t e d  i n  th e  u s u a l  manner f o r  c a t a l y t i c  
h y d ro g e n a t io n  u s in g  raney n i c k e l  a s  c a t a l y s t  (0*5 g .)#  
fhe c a t a l y s t  absorbed 20 ml. of hydrogen and the s o lu t io n  
abso rbed  113 m l. of hydrogen . fihe time o f  r e d u c t io n  was 
60 m in u te s .  33ae p ro d u c t  i s o l a t e d  from th e  s o lu t io n  was 
an orange brown s o l i d ,  w hich, on r e c r y s t a l l i s a t i o n  from 
m ethanol gave 3 -B ro m o -6 -(o -a m in o a n i l in o )p y r id a z in e  a s  
cream n e e d le s  m .p . 153-4°C. (Bound: C, 46 . 39; H, 3*26:
fi, 2 1 .4 .  CxoH9 % B r r e q u i r e s  0, 45*3: H, 3 .4 2 :  B, 2 1 .1 3 ^ ) .  
B io ra te  D e r iv a t iv e . -  She above compound was d is s o lv e d
i n  e th a n o l  and a  c o n c e n tra te d  s o lu t io n  of p i c r i c  a c id  i n  
e th a n o l  was added . On s ta n d in g ,  y e l lo w  m ic ro n e ed le s  were 
d e p o s i t e d .  fh e s e ,  a f t e r  r e c i y s t a l l i s a t i o n  from e th a n o l ,  
gave yellow  n e e d le s ,  m.p. 149°C (d) (Pound; B, 1 9 .8 6 . 
®16®12°7^7®r  re  qu ir e r  B, 19«84 ^ ) *
1- (j>-Bromopy r i  dazino ) -1 :2  :3 - b e n 2 0 t r i a z o l e . -  3-Bromo-6-
( £ - am in o an il in o  ) -p y r id a z in e  (0 .5  g . ) was d isso lv ed  i n  th e  
minimum amount of  g l a c i a l  a c e t i c  ac id  and an e q u iv a le n t  
amount o f  sodium n i t r i t e  was added . Im m ediately  a  s o l i d  
was d e p o s i te d ,  which, a f t e r  r e c r y s t a l l i s a t i o n  from e th a n o l ,  
y ie ld e d  the above t r i a z o l e  a s  ? h i t e  n e e d le  c r y s t a l s  
m .p . 1 9 3 -1 9 4 ° (S ) . (Pound: C, 4 3 .4 :  H, 2 .3 3 ;  B, 2 5 .0 6 :
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CioHgajiBr r e q u i r e s  C, 4 3 .5 :  H, 2 .1 9 : $ ,  25.37}*).
A ttem pts  to  c o n v e r t  t h i s  compound to  th e  co rresp o n d in g  
c a rb a z o le  by h e a t in g  and subsequen t l o s s  o f  n i t r o g e n  were 
u n s u c c e s s fu l  and the  su b s tan ce  was found to  be s t a b le  up 
to  a  tem p era tu re  of  250°C.
3 -C h lo ro -6 -h y d ra z ln o p y r ld a z in e . -  3 :6 -D ic h lo ro p y r id a z in e  
(1 .5  g . )  was d is so lv ed  in  e th a n o l  (20 n il .)  and h y d ra z in e  
h y d ra te  100$ (0 .5  g . ) was added. On e v a p o ra t io n  o f  some 
o f  th e  a l c o h o l ,  w h ite  s o l i d  was o b ta in e d ,  w hich , on r e ­
c ry  s t a l l i  s a t  ion  from m ethyl a c e ta t e  /p e tro le u m  e th e r  
(40 -60) ( 2 : 1 ) ,  y ie ld e d  3 -0 h lo ro -6 -h y d ra z ln o p y r id a z in e  a s  
w h ite  m ic r o c r y s ta l s  ra.p. 139°C (1 .2  g . 85$) (Pound;
C, 3 3 .0 6 :  H, 3 .6 2 :  H, 3 8 .9 3 .  C ^ g l^ C l  r e q u i r e s  0 ,3 3 .2 1 :
H, 3 .4 9 :  U, 38.74>e).
3 -H y d ra z in o -6 -c h lo ro p y r id a z in e  i n  e th a n o l  on tre a tm e n t  
w i th  cyelohexanone y ie ld e d  a hydrazone which was r e c r y s t a l l ­
i s e d  from a c e t i c  a c id  to  y i e ld  cream m ic r o c r y s ta l s ,  m .p . 
1 6 3 -4 °C. (Pound: G, 5 3 .4 7 :  H, 5 .7 1 :  H, 2 4 .9 9 .
^10®13^4Ĉ - r e q u i r e s  0, 5 3 .4 5 :  H, 5 .8 3 :  II, 2 4 .9 4 $ ) .  
3 - ( / f f - a c e ty lh y d ra z in o l -6 -h y d ro x y p y r i  d a z in e . -  Cyelohexanone 
hyd razone  ( 0 .5  g . )  was d is s o lv e d  i n  g l a c i a l  a c e t i c  (15 m l . )  
and c o n c e n tr a te d  h y d ro c h lo r ic  ac id  (8 m l . )  was added.
Bie m ix tu re  was then  re f lu x e d  fo r  two h o u r s .  I t  was 
then  poured i n t o  w a te r ,  n e u t r a l i s e d  w ith  c a u s t i c  soda and 
e x t r a c t e d  w ith  e t h e r .  She e x t r a c t ,  which had a  marked 
b lu e  f lu o re s c e n c e  under u l t r a - v i o l e t  l i g h t ,  y ie M e d  an
8 8  -
o f f  w h ite  s o l i d  which sublimed to  w hite  n ee d le s  a t  170°0* 
She o r i g i n a l  p ro d u c t ,  c r y s t a l l i s e d  from pe tro leum  e t h e r  
(60-80) and benzene, gave a m .p. o f  110-111°C. (iPound:
C, 4 1 .0 3 ;  H, 4 .9 8 ;  XI, 3 2 .6 3 . CgHQOgM^.^gO r e q u i r e s  
Cf 4 0 .8 ;  H, 5 .1 ;  XI, 3 1 .6>*).
3 -C h lo ro -5  ;6 :7  ; 8 - t e t r a h y d r o - l : 2 - d i a z a c a r b a z o l Q !Xhe 
cyelohexanone hydrazone (1 .0  g . )  wad h ea ted  w ith  p o ly -  
p hosphoric  a c id  a t  180°G t i l l  th e  m ix tu re  had become 
brown i n  c o lo u r .  I t  was then  poured i n t o  w a te r , 
n e u t r a l i s e d  w ith  c a u s t i c  soda, and e x t r a c te d  w ith  c h lo ro ­
fo rm . 2he e x t r a c t  y ie ld e d  a  sm all amount o f  r e s in o u s  
m a t e r i a l  w hich was c r y s t a l l i s e d  from p e tro le u m  e t h e r  
(60 -80) to  y ie ld  3 - C h lo r o - 5 :6 :7 :8 - t e t r a h y d r o - l ;8 - d ia g a ~  
c a rb a z o le  a s  cream m icro-cry  s t a i r  s o f te n in g  a t  128°C 
m .p. 145°C. (Xtound: C, 5 2 .9 3 : H, 5 .3 1 .  C i c ^ l o V 1 ^ 0
r e q u i r e s  C, 5 3 .2 1 :  H, 5 .3 2 ^ ) .  She q u a n t i ty  o b ta in e d  was 
on ly  4-5  mg.
P i o r a t e  D e r iv a t iv e . -  She above compound was d is s o lv e d  i n  
e th a n o l  and a  s a tu r a t e d  s o lu t io n  of p i c r i c  ac id  i n  
e th a n o l  was added. On s ta n d in g  g ree n -y e l lo w  m icro-  
c r y s t a l s  were o b ta in e d  which when r e c r y s t a l l i s e d  from 
•tfaano l gave m .p. 217°-218°C. ( i’ound: C. 4 3 .8 4 : H, 3 .1 4 :
H, 1 9 .3 6 .  C^gH^gOyK^Cl r e q u i r e s  C, 4 4 .0 0 ;  H, 3 .0 ;
XJ, 1 9 .2 4 > ) .
I t  was found t h a t  h e a t i n g  w ith  poly p h o sp h o r ic  a c id  
a t  te m p e ra tu re s  g r e a t e r  th an  180°0 gave only i n t r a e t i b l e
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r e s i n s ;  w h i l s t  a t  te m p e ra tu re s  below 180°0 the s t a r t i n g  
m a te r i a l  was r e tu rn e d  unchanged*
Cyelohexanone hydrazone (1 .0  g. ) was h e a te d  w ith  
c o n c e n tra te d  su lp h u r ic  a c id  (10 m l.)  a t  120°C f o r  f i f t e e n  
m inutes# On p o u r in g  the  r e a c t i o n  m ix tu re  i n to  w a te r  and 
i s o l a t i n g  th e  p ro d u c t  i t  was found t h a t  the  s t a r t i n g  
m a te r i a l  was re tu rn e d  unchanged (0*9 g .  9 0 ^ ) .
Cyelohexanone hydrazone (1 .0  g* ) was h e a te d  w ith  
z in c  c h l o r id e  (5*0 g . )  a t  a te m p era tu re  of 190°C fo r  a  
tim e o f  tw enty m in u tes .  fih e  m ix tu re  was poured i n t o  
w a te r  and on i s o l a t i n g  th e  p ro d u c t  i t  was a g a in  found 
t h a t  th e  s t a r t i n g  m a te r ia l  was r e tu r n e d  unchanged. 
3 -C h lo ro -6 (o g o h lo ra n i l in o )p y r id a z in e * -  3 : 6 - h i  c h lo ro ­
py r i  daz ine  (1*5 g . ) was mixed w ith  O g c h lo ro a n i l in e  (1*27 g . ) 
and powdered p o ta ss iu m  c a rb o n a te  (1 .3 8  g*) and the m ix tu re  
h e a te d  on an o i l - b a t h  a t  137°C ib r  30 m in u te s .  2he 
r e s u l t i n g  mass was dark  brown and was r e c r y s t a l l i s e d  from 
meth&iol to  y i e l d  3 - O hio ro -6- ( jo -o h lo ra n il in o  )p y r id a z in e  
a s  cream n e e d le s  m .p . 122°C ( 2 .0  g* 83^)* (.Found: Cf 4 9 .7 1 ; 
H, 2 .9 7 :  H, 1 7 .1 7 .  C10H7E3Clg r e q u i r e s  C, 5 0 .0 2 :  Hf 2 .9 4 :
If, 17.5J6).
S h is  compound was a l s o  i d e n t i f i e d  by i t s  p i o r a t e  
which was p re p a re d  i n  e th s n o l ie  s o lu t io n .  C r y s t a l l i s a t i o n  
from e th a n o l  gave ye llow  p l a t e l e t s  m .p . 173-4°C* ( Found: 
1 7 .8 5 .  ^ 1 6 ^ 1 0 °7 ^ 6 ^ 2  r e ^ i r e s  17»91jU.
-  90  -
3- Ohio r o - 1 : 2 -d ia z a c a rb a z o le  S -G h lo ro -S - fo ^ c h lo ra n i l in o  )-
p y r id a z in e  (1*0 g . ) was h ea ted  w ith  z in c  c h lo r id e  (5 .0  g. ) 
a t  220° fo r  twenty m in u te s .  On p o u rin g  i n t o  w a te r  and 
i s o l a t i n g  the p ro d u c t  i t  was found t h a t  the s t a r t i n g  
m a te r i a l  was re tu rn e d  unchanged (0 .8  g . 8 0 $ ) .  A s im i la r  
r e s u l t  was o b ta in e d  when the r e a g e n t  employed was aluminium 
c h lo r id e  a t  a tem p era tu re  o f  240° C fo r  30 m in u te s .  
3 -P o rm y lln d o le . -  In d o le  (1 2 .5  g . ) was r e a c te d  w ith  sodium 
(3 .3 3  g . )  i n  p resen ce  o f  p y r id in e  (12 .5  g . ) and e th y l  
o x a la te  (1 7 .5  g. ) and dry e th a n o l  (62 .5  m l . )  a s  d e s c r ib e d  
by H em 's. T h is  y ie ld e d  th e  g ly o x a U n e  d e r iv a t iv e  o f  
in d o le .  T h is  was th en  h y d ro ly sed  and th e n  co n v e rted  t o  
the c o r re sp o n d in g  a n i l  d e r i v a t i v e .  The a n i l  was decomposed 
by b o i l i n g  f o r  one hour i n  a n i s o l e  to y i e ld  3 -Po im ylindo le  
(0*56 g . 36$) a s  cream m i c r o - c r y s t a l s  m .p . 198°C. 
3 -ffo rm y lln d o le . -  Dimethylformamide (8 7 .0  g . )  was co o led  
to  ~5°C and phosphorus o x y ch lo r id e  (30 .68  g . ) added w ith  
s t i r r i n g  so t h a t  the tem p era tu re  does not exceed 10°0 .
In d o le  (1 1 .7  g . )  was then  added keep ing  the te m p e ra tu re  a t  
23-27°C and the m ix tu re  s t i r r e d  ib r  30 m inutes* Calcium 
c a rb o n a te  (40 g . )  was th e n  added and te m p e ra tu re  r a i s e d  
to  30-35°0  w h e re a f te r  i t  slow ly r i s e s  to ab o u t  60°0 i n  
30 m in u tes  w ith o u t  f u r t h e r  h e a t in g .  M ix tu re  was th e n  
coo led  to 10°C end sodium a c e t a t e  s o lu t io n  (200 m l. 30$) 
was added and t i e  m ix tu re  d i l u t e d  to 1 l i t r e  c a u s t i c  soda 
(4 7 .2  g. ) was th en  added and the s o lu t io n  b o i le d  fbr 3 h o u r s ,
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a f t e r  which i t  was steam d i s t i l l e d ,  to  remove u n re a c te d  
in d o le ,  d i l u t e d  to  3#5 l i t r e s  and allowed to  cool# On 
s ta n d in g  3-Pormylindo l e  was .p r e c ip i ta te d  a s  cream m icro-  
c r y s t a l s  m.p. 198°C (10 .4  g .  72^)# 'Biis was the method 
o f  Tyson and Shaw.
S -Jfrrm ylindo le  (m odified  p ro c e d u re ) . -  Dimethy 1 formamide 
(35 g . )  was coo led  in  an ic e  bath  and phosphorus o x y c h lo r id e  
(18 g . )  was slowly added v i t h  s t i r r i n g #  In d o le  ( l l # 7  g # ) 
i n  dim ethylform am ide (10 g . )  was then  slow ly added# 5he 
r e a c t i o n  i s  m erely k e p t  c o n t r o l l e d  by th e  i c e - b a t h ,  th e  
i n t e r n a l  tem p era tu re  b e in g  allow ed to r i s e  to  abou t 35°C#
D ie  m ix tu re  was then  s t i r r e d  fo r  30 m in u tes  a t  t h i s  
te m p e ra tu re  and then  poured on to  c ru d ie d  i c e  (200 g#)*
Bie r e s u l t i n g  s o lu t io n  was made j u s t  a l k a l i n e  w ith  c a u s t i c  
soda (5 l )  and th e  m ix tu re  b o i le d  fb r  20 m inutes#  On 
c o o l in g  3 - Formy1in d o le  was d e p o s i te d ,  m*p* 198°C (11*2 g# 
85^) •
1-Methy 1 i n d o l e #- In d o le  (11*7 g# ) in  e t h e r  (20 m l.)  was
a d d ed  to sodium (2#5 g . ) i n  l i q u i d  ammonia (200 m l . ) in
th e  p re se n ce  o f  f e r r i c  n i t r a t e  (0 .1  g. ) , and m ethyl io d id e
(16 g # ) added ac c o rd in g  to  the method o f  P o t t s  and Saxton#
P ro d u c t  was l-M etfaylindole b .p# 133° a t  26 mm# p r e s s u r e
(n18«5 * 1 .6 0 8 2 ) .  The y i e ld  was 11 .6  g# (8C$). 
d
1-Methy 11 n d o le . -  Indole (11 .7  g#) was d i s s o lv e d  In  ac e to n e  
(50 m l. ) and p o ta ss iu m  h ydrox ide  powder ( 6 .0  g# ) added. 
M ethyl io d id e  (15 g . )  was th en  added and th e  r e a c t i o n
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m ix tu re  re  f lu x ed  g e n t ly  f o r  t h i r t y  m in u tes .  Acetone was 
removed by d i s t i l l a t i o n  and the re s id u e  was th e n  d i s t i l l e d  
under reduced p r e s s u r e ,  the f r a c t i o n  b o i l in g  a t  133-135°C 
a t  26 mm. p r e s s u r e  be ing  c o l l e c t e d .  f h i s  gave 1-M ethyl- 
in d o le  as a c o lo u r le s s  o i l  (7 .8  g .  60,.,) ( n | 2 = 1 .6 1 4 8 ) .
1-Me 1hy1 - 3 - fo rm y l in d o le . -  1 -M ethy lindo le  (14 .5  g . )  i n  
d im ethylform am ide (10 g . )  was slowly added to  a m ix tu re  o f  
dim ethylform am ide (35 g . ) and phosphorus o x y ch lo r id e  (18 g * ) 
coo led  by an i c e  b a th .  fhe  te m p era tu re  was allow ed to  
r i s e  to  35° C and was m a in ta in ed  a t  t h i s  p o in t  fo r  30 m in u te s .  
Ihe r e a c t i o n  m ix tu re  was th e n  poured on to  c ru sh ed  ic e  
(200 g . ) , made j u s t  a l k a l i n e  w ith  c a u s t i c  soda (5 h )  and 
the s o lu t io n  then  b o i le d  fo r  30 m in u te s .  On c o o l in g  I -  
Methy 1 - 3 - fo rm y lin d o le  was j ) r e c i p i t a t e d  as  cream m icro ­
c r y s t a l s  m .p. 65°C (1 1 .0  g .  68^>).
1-Me fa y 1 - 3 - fo rmy l in d  o l e . -  3 - Fo rmy l i n  dole  (2 .9  g . ) was 
d is s o lv e d  i n  a  m ix tu re  o f  c a u s t i c  soda (5 3 30 m l . )  and 
m ethyl s u lp h a te  (3*5 g . ) .  On s ta n d in g  an o i l  i s  d e p o s i te d  
which slow ly  goes to a red d ish -b row n  s o l i d .  On c r y s t a l l ­
i s a t i o n  from m ethanol t h i s  y ie ld e d  l -M e th y l-3 - fo rm y l ln d o le  
a s  cream m ic r o - c r y s t a l s  m .p . 65°0 ( 2 .0  g* 5 0 $ ) .  2!his i s  
th e  method Wieland Konz and M itta seh  • 
yff-Indo l y l  ae ry  l i e  a c i d . -  3 -F o rm y lin d o le  (1 .45  g . )  was 
d is s o lv e d  i n  p y r id in e  (10 m l.)  and a  t r a c e  o f  p ip e r id i n e  
added . fo t h i s  s o lu t io n  was added m alonic a c id  (1 .0 4  g . )
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and the r e a c t i o n  m ix tu re  h e a te d  on a  w ater bath  f o r  th r e e  
h o u r s .  She r e a c t io n  m ix tu re  darkened and carbon  d io x id e  
was ev o lv ed . On p o u r in g  i n to  d i l u t e  h y d ro c h lo r ic  a c id  
and a l lo w in g  to  s tan d  th e  only p ro d u c t  was an i n t r a c t i b l ©  
re d  r e s i n .
M odified  p ro o e d u re . -  3 - For my 1 in d o le  (1 .45  g . ) was 
d is s o lv e d  in  p y r id in e  (10 m l.)  and a t r a c e  o f  p ip e r id in e  
added . To t h i s  s o lu t io n  was added m alonic a c id  (1 .0 4  g . ) 
and th e  r e a c t i o n  m ix tu re  warmed to  40°C fo r  te n  m inu tes  
and th en  allowed to s tan d  a t  room te m p e ra tu re  fb r  3 h o u r s ,  
fhe m ix tu re  was th e n  ren d ered  J u s t  a c id  (pH»5) by d i l u t e  
h y d ro c h lo r ic  and a  yellow  c r y s t a l l i n e  compound was o b ta in e d .  
B i i s  on c r y s t a l l i s a t i o n  from m ethyl cy an id e  y ie ld e d  ^ - I n d o l -  
y l a e r y l i c  a c id  as re d  n e e d le s  m .p . 194°C (1 .14  g .  60^)
(Hound: C# 7 0 .3 7 ; H, 4 .9 1 ;  E, 7 .7 .  C-^HgOgE r e q u i r e s  
0 , 7 0 .5 7 ; Ht 4 .8 5 ;  7 .4 8 / J .  I f  c r y s t a l l i s e d  from non­
p o l a r  s o lv e n ts  such as b en zene /pe tro leum  e t h e r  th e  p ro d u c t  
i s  i n  th e  form o f  w h ite  m ic ro -c ry s t a l s  m .p. 158°G (d )  vfcioh 
seem to be p a r t i a l l y  decar  bo x y la te d  m a t e r i a l .  C r y s t a l l i s ­
a t i o n  of t h i s  m a te r i a l  from m ethyl cy an id e  a l s o  y ie ld e d  
a  p u re  specimen o f  ^ I n d o l y l a e r y  l i e  a c id  m.p* 194° C. 
l ; l -3 ) ic a rb o x y i" 2 ;3 >- ( l* m e th y l in d o ly l ) e th y l e n e . -  1 -M ethy l-  
3 - fo n n y l in d o le  (1 .59  g . )  was d is so lv ed  i n  p y r id in e  (10 m l .)  
and a  t r u c e  o f  p ip e r id i n e  was added . Malonic ac id  (1 .0 4  g . ) 
was then  added and th e  r e a c t io n  m ix tu re  warmed to  40°0 
f o r  te n  m inu tes  and then  allow ed to  s ta n d  fo r  th r e e  h o u rs
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a t  room tem pera tu re*  rihe r e a c t i o n  m ix tu re  was |)©ured 
in to  w ate r  (25 ml*) and rendered  ae id  (pH«5) by means o f  
d i l u t e  h y d ro c h lo r ic  a c id .  i h i s  y ie ld e d  a  ye llow  c r y s t a l l i n e  
p r e c i p i t a t e .  On c r y s t a l l i s a t i o n  from m ethyl cyan ide  t h i s  
y ie ld e d  1 : l -D ica rb o x y -2  :3 ^ ( l - m e t h y l i n d o l y l l e t h y l e n e  
(1*72 g .  74$) a r  g re e n ish -y e l lo w  n e e d le s  m .p. 195°C (Found:
C# 6 3 .6 0 ;  Ht 4 .6 1 :  IJ, 5 .9 7 .  r e q u i r e s  0, 63*67;
H, 4 .5 2 ;  Uf 5*97^)*
£ tfay lh y d razo d ica rb o x .v la te . -  H ydrazine h y d ra te  (59 g* 85^) 
i n  e th a n o l  (500 m l. 9 was  r e a c t e d  slowly w ith  e t h y l  
c h lo ro fo rm a te  (217 g*) a t  a  te m p e ra tu re  of 15-20°Cf a s  
d e s c r ib e d  by BabJohn i n  Organic S y n th eses .  I h i s  y i e l d s  
E th y lh y d ra z o d ib e rb o x y la te  (150 g. 85$) as  w h ite  n e e d le s  
m .p . 133°C.
S thy  l a z o d ic a r  boxy l a t e . -  B th y lh y d ra z o d ie a rb o x y la te  (100 g . ) 
i n  benzene (500 m l .)  and w ater (500 m l .)  was o x id is e d  by 
c h lo r in e  gas  (55 g . )  a t  a tem pera tu re  o f  15°C as d e s c r ib e d  
by Eabjohn . I h i s  y ie ld e d  B th y la z o d ic a r  boxy l a t e  (80 g*
81$) a s  a  red  o i l  b .p .  1 0 7 - l l l oC a t  15 mm. p re s s ,  n j 9 *
I .4 2 7 4 .  Okie p ro d u c t  was f u r th e r  c h a r a c te r i s e d  by the 
fo rm a tio n  o f  an ad d u c t w ith  d ip h e n y lb u ta d ien e  • 
l ;2 - I ) i c a r b e th o x y - 3 : 6 -d ip h e n y l - l  :2 ; 3 :6- t e t r a h y  d r  o p y r i  daz ine  ♦- 
E th y la z o d ic a rb o x y la te  (1 .7 4  g . ) was mixed w ith  d ip h e n y l­
b u ta d ie n e  (2 .0 6  g . )  and th e  m ix tu re  h e a te d  ib r  one hour
a t  100°0. C r y s t a l l i s a t i o n  from m ethyl cyan ide  gave  1 ;2 -  
Ui c a r  be thoxy- 3 : 6 - d lphe ny1 - 1 : 2 : 5 :6 - te t r a h y  d ro p y r id a z in e
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(3*04 g . 8Ĉ >) a s  w h ite  n e e d le s  m.p. 134°C (ffcund: Gf 69*41:
H, 6*45: II, 7*5* ^22^24 ̂ 4*^2 r e q u i r e s  G, 69*46: Hf 6*36:
I ,  7* 37>i) •
l s 2 - D ic a rb e th o x y - l ;2  ^ s l Q - t e t r a h y d r o - l ^ - d i a z a c a r b a z o l e . -  
^ - I n d o l y l a c r y l i c  ac id  (0 .93  g * ) was mixed w ith  e th y la z o -  
d ie a r b o x y la te  (0*92 g . )  i n  benzene (20 ml*) and the m ix tu re  
r e f lu x e d  f o r  3 hours* Ho v i s i b l e  change occurred*
Benzene was removed and on vacuum di s t i l l a t i o n  e th y la z o -  
d ic a rb o x y la te  (0 .9  g . ) was recovered  unchanged.
P  - I n d o l^ a c ry l ic  ac id  (0 .9 3  g* ) was then  mixed v d th  
e th y la z o d ic a rb o x y la te  (0*92 g* ) a s  above and a  t r a c e  o f  
h y d ro c h lo r ic  a c id  added (2 d r o p s ) .  In  t h i s  ca se  the 
w e ig h t o f  e th y la z o d ic a rb o x y la te  reco v e red  was (0*8 g . ) .  
^ - I n d o l y a c r y l i c  a c id  (0 .9 3  g . )  was mixed w ith  e th y la z o ­
d ic a rb o x y la te  (0*92 g . )  and the m ix tu re  h e a te d  to 130°0 
fo r  3 hours*  2he m ix tu re  darkened and became v is c id *
The only  p ro d u c t  o b ta in ed  on c o o l in g  was an i n t r a c t i b l e  
brown re s in *
1 :2 -  JD lc a rb e th o x y - l;2 :3 : lQ -  t e t r a h y  dro-9-me thy 1 - 1 :2 -  
d la z a c a r b a z o le »- Using l : l - i> ic a r b o x y - 2 - ( l - m e 1 h y l in d o ly l ) -  
e th y le n e  (1*16 g * ) and e th y la z o d ic a rb o x y la te  (0*92 g . )
The th r e e  experim en ts  d e t a i l e d  above were r e p e a te d  ex ac tly *  
The r e s u l t s  o b ta in ed  were w holly analogous* 
3 -H y d ro x y -g -p h en acy lo x in d o le*- I s a t i n  (5*0 g . ) was mixed 
w ith  acetophenone (4*0 g.) i n  e th a n o l  (100 m l . )  and 
d ie th y la m in e  (10 d ro p s)  was added. The m ix tu re  was
9 6  -
allow ed to  s tand  o v e rn ig h t  and y ie ld e d  ye llow  n e e d le s  
which, c r y s t a l l i s e d  from e th a n o l ,  gave 5-Kydroxy-3- 
p h en acy lo x in d o le  m.p. 17Q-172°C (6*2 g .  63>o) a s  d e sc r ib e d  
by X indw all and iiiaclennan*
3 -H y d ra z in o -o x in d o le . -  3-H ydroxy-3-phenacyloxindQ le 
(2*67 g * ) was d is s o lv e d  i n  e th a n o l  (50 m l.)  and h y d ra z in e  
h y d ra te  (100^ 0 .51  g . )  was then  added* 2he r e a c t i o n  
m ix tu re  was h ea ted  fa r  ten m in u te s .  The m ix tu re  was 
poured  in to  w a te r  and the yellow  p ro d u c t  was c r y s t a l l i s e d  
from  a  m ix tu re  o f  m ethanol and e th a n o l  ( 1 :1 )  to  g iv e  3 -  
H y d ra z in o -o x in d o le  as  yellow  p l a t e s  m .p. 220° ( d ) .  (1*4 g* 
87.5>i) ( iPund : C, 5 9 .4 7 : H, 4 .7 1 .  C8H7 0%  r e q u i r e s
C, 5 9 .6 1 :  H* 4 .3 8 ^ ) .  This  p ro d u c t  was f u r t h e r  c h a r a c t e r ­
i s e d  by form ing i t s  benzaldehyde d e r i v a t i v e .  3 -H ydraz ino- 
o x in d o le  (0*8 g . ) and benzaldehyde (0 .5 3  g . )  were r e f lu x e d  
i n  e th u n o l  (20  m l .)  f o r  f i f t e e n  m in u te s .  An orange 
p ro d u c t  se p a ra te d  on c o o l in g .  C r y s t a l l i s a t i o n  from 
e th a n o l  gave the  benzaldehyde d e r iv a t iv e  a s  orange p r ism s  
m .p . 198°C (1 .1  g .  Q&yo) (itound: 0 , 7 2 .3 2 ; H, 4 .4 2 :  H, 16 .66  
CigHiiQHa r e q u i r e s  C, 7 2 .30 : H, 4 .4 5 :  H, 1 6 .8 4 ^ ) .  
3-H ydroxy-3-phenacy 1 -o x in d o le  o x i m e 3-H ydroxy-3-phenacy l 
o x in d o le  (0 .89  g . )  was t r e a te d  w ith  hydroxy lam ina hydro­
c h lo r id e  (0 .2 3  g . )  i n  th e  u s u a l  manner u s in g  a  sodium 
a c e t a t e  b u f f e r .  A f te r  f i f t e e n  m inu tes  r e f lu x in g  a  
cream  p ro d u c t  s e p a ra te d .  On c r y s t a l l i s a t i o n  from e th a n o l ,  
t h i s  p ro d u c t  gave 3 -H y d ro x y -3 -p h en acy l-o x in d o le  oxime a s
-  9 7  -
w h ite  m i c r o - c r y s t a l s  m .p. 198°C (0 .8  g .  81^) (Pound;
&, 1 0 .4 .  016E1403hg r e q u i r e s  11, 9 .9 4 ^ ) .
3 -P h e n acy lid en e -o x in d  o l e . -  3~Hyd ro x y -3 -p h en acy lh x in d o le  
(8 .9  g . )  was d is s o lv e d  i n  e th a n o l  (30 m l . )  and c o n c e n tr a te d  
h y d ro c h lo r ic  a c id  (50 m l .)  was added. !2ie r e a c t i o n  
m ix tu re  was h ea ted  a t  100°C f o r  one h o u r .  fhe  orange 
re d  prod tact was c r y s t a l l i s e d  from e th a n o l  to  g iv e  3-Phenacy1- 
in d e n e -o x in d o le  a s  o ra n g e - re d  n e e d le s  m .p. 194°C (7 .6  g .
92Ji>) as d e s c r ib e d  by L indw all and M aelennan. (Ehe p ro d u c t  
was a l s o  c h a r a c te r i s e d  by fo rm a tio n  o f  i t s  oxime by r e -  
f lu x in g  eq u im o lecu la r  amounts o f  n e u t r a l i s e d  hydroxylam ine 
h y d ro c h lo r id e  and 3-pha,ac^lidene-oxindole i n  e th a n o l  fb r  
f i f t e e n  m in u te s .  Sh is  y ie ld e d  3 -P h e n ac y l id e n e -o x in d o le  
oxime o ra n g e -red  p l a t e s  m .p. 253°G (Pounds if, 1 0 .8 .
°16^1S °2S2 r e l u i r e S $ 9  10 .6 ;u).
3 -P h e n a c y l id e n e -o x in d o le  h y d razo n e . -  3 -P h e n a c y l id e n e -  
ox indo le  (2 .4 9 gj was d is s o lv e d  i n  e th a n o l  (50 m l . )  and 
h y d ra z in e  h y d ra te  (100^ 0 .5  g . )  added. fhe m ix tu re  was 
r e f lu x e d  jfcr f i f t e e n  m inu tes  and th e n  c o o le d .  A w h ite  
c r y s t a l l i n e  p ro d u c t  r e s u l t e d .  2 h is  p ro d u c t  was c r y s t a l l i s e d  
from m ethano l to  y i e l d  w h ite  p r ism s  S. 128°C m .p . 202°C.
3h is  p ro d u c t  was 3 -P h e n a c y l id e n e -o x in d o le  hydrazone w ith  
one m olecu le  of w a te r  o f  c r y s t a l l i s a t i o n  (1 .9 6  g .  70^)
(Pound: C, 6 8 .6 5 : H, 5 .4 9 :  if, 1 5 .0 4 .  °1 6 S1 3 0% * 2 2 0 r e q u i r e s
C, 6 8 .3 1 :  H, 5 .4 :  if, 1 4 .9 4 $ ) .  U i is  p ro d u c t  was d r i e d  i n
vacuum a t  130°0 f o r  s i x  h o u rs  to  y ie ld  th e  unhydra ted  
compound m.p* 202°C (Jtaund: C, 73*21: Ht 5*1: H, 16 .01  
^ 1 6 ^ 1 3 ^ 3  r e q u i r e s  C, 72*99: H, 4*98: Mf 1 5 .9 6 $ ) .
H eference to  the  i n f r a - r e d  s p e c t r a  o f  t h i s  and c e r t a i n  
r e l a t e d  compounds i n d i c a t e  t h a t  th e  iso m eric  p y razo len e  
s t r u c t u r e  i s  more l i k e l y .
3 -P h en acy lo x in d o le  *- 3 -x h e n a c y l id e n e -o x in d o le  (5 g* ) was 
made in to  a  s lu r r y  i n  e th a n o l  (95$ 75 m l* ) .  To t i l l s  was 
added sodium h y p o su lp h i te  (5 g .  ) i n  w ater  (25 ml*) and 
the r e a c t i o n  m ix tu re  warmed on a  steam b a th  f o r  twenty 
m in u te s  a s  d e s c r ib e d  by L indw all & M aclennan. f h i s  
y ie ld e d  3 -fhenacy  1 -ox indo le  a s  ?;h ite  p r ism s  m.p* 177°G 
(4*5 g . 89>).
3 -P h e n a cy l-o x in d o le  hyd razone*-  3 - Phen&cy1-oxindole
(2*51 g . )  was p a r t l y  d is s o lv e d  i n  e th a a o l  (50 ml*) and 
h y d ra z in e  h y d ra te  (lOO^a 0 .5  g . )  was added* She m ix tu re  
was r e f lu x e d  fo r  30 m in u tes . On c o o l in g  a  w hite  c r y s t a l l i n e  
p ro d u c t  was formed. A f te r  r e c i y s t a l l i s a t i o n  from e th a n o l  
t h i s  gave w h ite  p r i s m a t ic  c r y s t a l s  o f  3 -P h e n a cy l-o x in d o le  
h y d razo n e  m.p* 178°C (2 .39  g . 91jo). Qie m*m*p. w ith  
3 » p h en a cy l-o x in d o le  was 157°C. (pound: C, 72*14: H, 5*85;
S, 1 5 .7 .  Ci6Hl5 0 lf3 r e q u i r e s  Cf 7 2 .4 :  H, 5*70: N, 1 5 .8 7 $ ) .
3-Pheny1 - 4 : 1 1 - d i h y d r o - l : 2 - d i a z a c a r b a z o l e 3 -P h en acy l-  
o x in d o le  hydrazone (1 .3  g. ) was r e f lu x e d  i n  phosphorus 
t r i c h l o r i d e  (5 m l .)  f o r  3 h o u r s .  fh e re  was no marked 
change i n  the appearance  o f  the r e a c t i o n  m ix tu re .  Ihe
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m ix tu re  was cooled  and poured onto i c e .  On c r y s t a l l ­
i s a t i o n  th e  p ro d u c t  was shown, by m .p. 175°C and m.m.p. 
176°C to  be 3 -P h e n acy l-o x in d o le  (1 .0  g ,  75$). (Pound:
C, 7 6 .28 : H, 4 .9 .  C16H i302H r e q u i r e s  C, 7 6 .5 1 : H, 5 .1 8 $ ) .
Treatm ent of the  same weigh t  o f  3 -Phenaey 1 - oxindo 1 e 
hydrazone w ith  phosphorus o x y c h lo r id e  gave no c y o l i s e d  
p r o d u c t ;  only a  dark  i n t r a c t i b l e  r e s i n  was o b ta in e d .
l - P h e n y l - in d o lo tE 1:3 * :2 :3 ) - 5 -h y d ro x y p y r ro le . -  3 -P h en acy l-  
ox in d o le  hydrazone (1 .3  g . ) was t r e a t e d  w ith  p o lyphosphoric  
a c id  i n  th e  u s u a l  manner a t  a  te m p era tu re  o f  100°0 fo r  
3 h o u r s .  On p o u rin g  in to  w ater  a cream s o l i d  was 
o b ta in e d  which was c r y s t a l l i s e d  from aqueous e th a n o l  to  
y i e ld  1 -P h e n y l- in d o lo  (2* : 3 ' : 2 :3 ) -5 -h y d ro x y p y rro le  a s  
cream m ic ro -c ry  s t a l s  S. 140°C m .p. 165°C (Found: C, 77 .94 : 
Ht 5 .0 6 :  D, 1 1 .4 0 . r e q u i r e s  0, 7 7 .5 0 :  Ht 4*76:
fi , 1 1 .3 /0 ) .
U r a c i l . -  (a )  Oh i s  compound was p repared  by the  method o f  
Davidson and 3aud isoh (77 ), as  m o d if ie d  by uhi and Chen(7 8 ) .
Urea (100 g . ) was added s low ly , w ith  s t i r r i n g  to  
oleum (15$) (770 g . )  which was coo led  to -5 °C . The 
tem p era tu re  must be h e ld  below 0°0 o r  low er y i e l d s  r e s u l t .
M alic ac id  (100 g . ) was then  added and te m p e ra tu re  a llow ed
*
to  r i s e  f r e e l y .  The m ix tu re  was then  h e a te d  (80*90°0) 
fo r  one h o u r .  Carbon monoxide and d io x id e  were ev o lv ed . 
A f te r  c o o l in g ,  1he c o n te n ts  were poured on to  c ru sh e d  i c e  
(1800 g . ) .  Crude u r a c i l  p r e c i p i t a t e d .  S h is  was
-  1 0 0
r e c r y s t a l l i s e d  from w a te r  to  g iv e  w h ite  m ic ro -c ry  s t a l e  
m .p . 335°0 o f  w e i $ i t # 30 g .  (36$ o f  t h e o r e t i c a l ) .
(b) A lso p re p a re d  by th e  method o f  Brown(79) w herein  
t h i o u r a c i l  ( 7 .2  g . ) ,  c h lo r o a c e t i c  a c id  (6 .3  g . ) and 
w a te r  (135 g . )  were re f lu x e d  to g e th e r  f o r  2-|- h o u r s .  This 
gave a  c l e a r  s o lu t i o n ,  to which was added 10 5  h y d ro c h lo r ic  
a c id  (20 m l . ) .  On c o o l in g  u r a c i l  se p a ra te d  o u t .  Recry- 
s t a l l i s a d  from w ater  gave n e e d le s  m .p . 335°0 o f  w ei^ jit  
5 .6  g .  (88$ o f  t h e o r e t i c a l ) .
5 - f f i t r o u r a c i l . -  U r a c i l  was n i t ra te c i  by the  method d e s c r ib e d  
by K l l i s ( 75) • U ra c i l  (40 g . ) was d is s o lv e d  i n  faming 
n i t r i c  a c id  (S.G. * 1 .5 :  120 m l .)  and th e  m ix tu re  r e f lu x e d
f o r  one h o u r .  T h is  y ie ld e d  5 - U i t r o u r a c i l  o f  w e i^ i t  52 .2  g. 
(93$ o f  t h e o r e t i c a l ) .
2 :4 - D io h lo r o - 5 - n i t r o p y r im id in e . -  5 - B i t r o u ra c  11 was c h l o r ­
in a te d  i n  the u su a l  way u s in g  phosphorus o x y c h lo r id e  and 
d im eth y l a n i l i n e  u nder  r e f lu x  (80) (81) (8 2 ) .  This gave 
8 :4 -3 3 ic h lo ro -5 -n i t ro p y r im id in e  a s  a  ye llow  s o l i d  m.p* 29°0 
(40$ o f  t h e o r e t i c a l ) .
O i l s  was l a t e r  m o d if ie d .  The r e a c t i o n  m ix tu re  was 
poured i n t o  w ater and t h e  aqueous s o lu t i o n  was allow ed to  
s ta n d  f o r  30 m in u te s .  The s o lu t io n  was then  e x t r a c te d  
w i th  e t h e r .  The e x t r a c t  was washed w ith  w a te r  d i l u t e  
sodium b ic a r b o n a te  and f i n a l l y  w a te r .  E v a p o ra t io n  o f  t h i s  
e x t r a c t  appeared to  g ive  a p u r e r  p ro d u c t  th a n  when i t  was 
n o t  t r e a t e d  w ith  b ic a r b o n a te .  The y i e l d  was e x a c t ly  a s
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quoted i n  the p re v io u s  p a p e rs .
4 -S th o x y -2 -m e th y lp h e n y la m in o -5 -n i tro p y r im fd in e . -  5 - n i t r o -  
u r a c i l  ( 1 .6  g .  ) was suspended i n  phosphorus o x y ch lo r id e  
(4*6 m l . )  and dime thy l a n i l i n e  (1 .9  m l .)  and the whole 
r e f lu x e d  f o r  one ho u r . The b la ck  s o lu t i o n  was co o led  
and poured  onto ic e  (100 g . )  and the m ix tu re  e x t r a c te d  
w ith  e t h e r .  The e x t r a c t  was washed w ith  d i l u t e  hydro­
c h l o r i c ,  w a te r ,  d i l u t e  sodium c a rb o n a te ,  w a te r  and d r ie d  
over BOdium s u lp h a te .  T h is  gave a yellow  s o l i d  which 
was r e o r y s t  a l i i  sad from e th a n o l  and th e n  from p e tro leu m  
(6 0 -80°C ). This gave y e llo w  n e e d le s  m.p* 116-118°0 
(Found: C, 5 7 .0 :  H, 5 .2 :  B, 2 0 .4 .  C13% 4 °3%  r e q u i r e s
C, 5 6 .9 :  H, 5 .1 :  3 ,  2 0 .4 $ ) .
2 -  Ohio r  0 -4 -me thy l a n l l i  n o - 5 - n i t  ro py r  1ml d i  ne . -  Me thy l a n i l i n e  
(3*8 m l .)  i n  a lc o h o l  ( U . 2  m l . )  was added w i th  s t i r r i n g  to  
an  i c e - c o ld  m ix tu re  of  £ ;4 ~ d ic h lo r o - 5 - n i t r o p y r im id in e  
(3 .3 7  g . )  i n  a lc o h o l  (12 m l . )  over a p e r io d  o f  3 hours* 
P ro d u c t  was c r y s t a l l i s e d  from p e tro leu m  (100-120°) to  
g iv e  3 .98  g .  (86$ t h e o r e t i c a l )  o f  ye llow  n e e d le s  m .p . 128- 
1I9°C .
2-Eth oxy-4-me 1 h y la n i l in o - 5 - n i t r o p y r im id in e . -  2 -C h lo ro -4 -  
n B ih y la n i l in o - 5 - n i t r o p y r im id in e  (2 .5  g . ) was d is s o lv e d  i n  
e th a n o l  (50 m l . )  and sodium hydrox ide  ( 0 .5  g . )  added .
There was no a p p a re n t  r e a c t i o n ,  bu t on f i l t e r i r g  o f  
th e  s o l i d  produced on c o o l in g  and t e s t i n g  th e  f i l t r a t e ,  
f r e e  h a lo g en  was no ted  ( s i l v e r  n i t r a t e  t e s t ) .  The p ro d u c t
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was re c ry s t& L l is e d  from pe tro leu m  (60-80°0) to g ive  2- 
E thoxy-4 -m ethy lan i l i n o - 5 - n i t r o p y r im ld in e  as  y e l lo w /g re e n  
n e e d le s  (2 .4  g .  75$ o f  t h e o r e t i c a l )  o f  m.p* 145°C (Found:
C, 5 7 .1 2 ;  H# 5 .1 5 :  IT, 2 0 .5 9 . Cx3Hx4 0 g3 4  r e q u i r e s  C, 5 6 .9 3 ;
H, 5 .1 ;  3 ,  2 0 .4 $ ) .
5-Am i]ao-4-m ethylanilinopy r  im id in e »- 2- Ohio ro -  4 -me thy  l a n i  l i  no-
5 - n i t r o p y r im id in e  (1 .06  g . ) was d is s o lv e d  i n  e th a n o l  (25 m l . )  
and added to  5$ p a l l a d i s e d  s t ro n t iu m  c a rb o n a te  (0 .5  g . ) 
s a tu r a t e d  w ith  hydrogen i n  e th a n o l  (15 m l . ) .  Hydrogen 
(350 m l . )  was absorbed  i n  1^ h o u rs .  The s o lu t io n  was 
f i l t e r e d  and c a t a l y s t  e x t r a c t e d  w ith  h o t  e t h a i o l .  The 
e t h s n o l  p o r t i o n s  were combined and e v a p o ra te d  to  10 m l. 
when y e l lo w /g re e n  exy s t a l e  were d e p o s i te d  (0 .4 2  g . ) .
These were r e c r y s t a l l i s e d  from elhano  1 /benzene m ix tu re  
g iv in g  p a le  g re e n ,  r e c t a n g u la r  p l a t e s  s o f te n in g  a t  226° 
m .p . 250° (0 .4 2  g .  44$ o f  t h e o r e t i c a l )  (Found: 0 , 5 5 .7 :
H, 5 . 3 :  3 ,  2 3 .7 .  CxxHx3%01 r e q u i r e s  C# 5 5 .8 :  H, 5.&S 
3 ,  2 3 .7 $ ) .
f l i a z o t i  s a t  io n . -  rJhe above h y d ro c h lo r id e  (0 .12  g . )  was 
d is s o lv e d  i n  h y d r o c h lo r ic  ac id  (15$ 1 .2  m l . ) .  The s o lu t i o n  
was oooled  to -5°C and sodium n i t r i t e  (20$ 0 .3  m l . )  added . 
H ltro g e n  e v o lu t io n  o cc u rred  a t  once and no diazonium  
s a l t  co u ld  be i s o l a t e d .  The a t te m p t was r e p e a te d  u s in g  
s u lp h u r ic  a c id  (20$ 2 m l . )  in  p la c e  o f  h y d ro c h lo r ic  b u t  
the  same gaseous e v o lu t io n  o c c u rre d .
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2 :4 -D ic h lo ro p y r im id in e . -  U ra c i l  ( 5 .0  g . ) was suspended 
i n  phosphorus o x y c h lo r id e  (£5 m l .)  and dime thy l a n i l i n e  
(6*2 m l . )» The m ix tu re  was r e f lu x e d  under anhydrous 
c o n d i t io n s  fb r 2 h o u r s .  Hie ex cess  o f  phosphorus 
o x y c h lo r id e  was then  d i s t i l l e d  o f f  and the r e s id u e  poured  
i n t o  w a te r .  T h is  s o lu t io n  was e x t r a c te d  w ith  e t h e r  and 
th e  e x t r a c t  washed w ith  d i l u t e  h y d ro c h lo r ic  a c i d ,  w a te r ,  
sodium b ic a rb o n a te  and w ater* I t  was th e n  d r ie d  w ith  
magnesium s u lp h a te  and e t h e r  removed. This y ie ld e d  
3 .3  g .  o f  ye llow  b la d e s ;  r e c r y s t a l l i s e d  from p e tro leu m  
(40*60) gave m .p. 61°G (3 .2  g .  50$ o f  t h e o r e t i c a l ) .
2 :4 - D i ( jq - n i t r a n i l in o  J p y r i m i d i n e 2 ;4 -D ic h lo ro p y r im id in e  
( 0 .1  g . ),  o » -n i t r a n i l in e  (0 .06  g . ),  t r a c e  o f  copper bronze 
and p o ta s s iu m  c a rb o n a te  (0 .0 5  g . ) were h e a te d  t o g e th e r ,  
by means o f  an o i l  b a th ,  to 130°C when a  b r i s k  r e a c t i o n  
o c c u r re d .  The m ix tu re  was m a in ta in ed  a t  t h i s  te m p e ra tu re  
f o r  30 m in u te s  when th e  m e lt  had r e - s o l i d i f i e d .  Beery s t ­
a l l !  s a t i o n  from benzene y ie ld e d  2 ;4 ~ D i ( o - n i t r a n i l i n e  ipyrim - 
i d ln e  a s  yellow  n e e d le s ,  m .p. 218-219°0 (Found: C, 5 4 .8 8 ;
H, 3*44: 3 ,  2 4 .2 3 .  OX6 H1 2 O4B6 r e q u i r e s  0, 5 4 .5 4 ;  H, 3 .4 3 ;
3 ,  2 3 .8 6 $ ) .
2 * 4 - j D i h y d r a z i n o p y r i m i d i n e 2 :4 -D ic h lo ro p y r i ia id in e  (1 .5  g. ) 
was d is s o lv e d  i n  warm e th a n o l  (20 m l . )  and h y d ra z in e  h y d r a te  
(100$ 0 .5  g . )  c a r e f u l ly  ad d e d . There was a  v ig o ro u s  
r e a c t i o n  and a  cream s o l i d  was p roduced . T h is  was r e ­
c r y s t a l l i s e d  from m ethanol to  g iv e  th e  d ih y d ro c h lo r id e  o f
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2 :4 -D ih y d ra z in o p y r ira id in e  a s  c ream /w hite  n e e d le s ,  s o f te n in g  
and decomposing above 22G°C m.p. 29Q°C (Found; 0 , 22*53;
H, 4 .9 8 ;  3 ,  3 9 .1 8 .  ^4H10I%C12 r e q u i r e s  C, 2 2 .5 3 : H, 4 .7 3 :
3 ,  3 9 .4 3 $ ) .
Benzaldohyde d e r i v a t i v e . -  The above compound (2 .1 3  g . )  was 
d is s o lv e d  i n  e th a n o l  (25 ml . )  and benzaldehyde (1 .0 6  g .  ) 
was added . The m ix tu re  was warmed and a  w hite  p r e c i p i t a t e  
was form ed. This was recay s t a l l i s e d  from g l a c i a l  a c e t i c  
a c id  to y ie ld  th e  2-Hy dr oxypyrimidy lhy drazone o f  benzaldehyde 
a s  i t s  m ono-hydrate m .p . 241°G ( 2 . 0  g .  85$) (Found: 3 ,  2 4 .1 6 . 
®nH12°2fl4 r e q u i r e s  3 , 2 4 .1 5 $ ) .
Cyqlohexanone d e r i v a t i v e . -  She compound (2 .13  g* ) was 
d is s o lv e d  i n  e th a n o l  (25 m l .)  and cyclohexanone (0 .9 8  g . ) 
was added. The m ix tu re  was r e  f lu x ed  f o r  one h o u r .  On 
c o o l in g  and p o u ring  i n t o  w a te r  th e  2 -H ydrozypyrim idylhydragons 
o f  oyclohexanone was o b ta in e d .  R a c r y s t a l l i s a t i o n  from 
m ethanol gave cream p r ism s  m.p. 161°G ( 2 . 0  g .  94$) (Found:
3 ,  2 5 .5 6 .  ClO^igOgB^ r e q u i r e s  11, 2 5 .0 2 $ ) .
2 - Ohioro- 4 - m e th o x y p y r in id ln e . -  2 :4 -P ie h lo ro p y r im id in e  (1 .5  g . )  
was d is s o lv e d  i n  methanol (5 m l.)  and added to a  s l i g h t  
e x c e ss  o f  a  c o n c e n tra te d  s o lu t io n  o f  p o ta ss iu m  h y d ro x id e  
i n  m e thano l. The m ix tu re  was allow ed to s ta n d  fo r  t h i r t y  
m inu tes  and was th e n  poured in to  w a te r .  The aqueous 
s o l u t i o n  was e x t r a c te d  w ith  e th e r .  T h is  e x t r a c t  y i e ld e d  
unchanged 2 ;4 -d ic h lo ro p y r im id in e  (0 .7 3  g . 49$) and n o th in g  
e l s e .  Halogen was shown p r e s e n t  i n  s o l u t i o n  by t e s t i n g
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with s i l v e r  n i t r a t e  s o lu t io n .
2 -0 h lo ro -4 -e th o x y p y r im id in e . -  2 ;4 -D ic h lo ro p y rira id in e  
(1 .5  g * ) was d is s o lv e d  i n  e th a n o l and t r e a te d  w ith  a 
s o lu t io n  o f  p o tassiu m  h y d ro x id e  i n  e th a n o l as  d e s c r ib e d  
above . rjhe on ly  p ro d u c t was 2 ;4~ d ieh lo ropyrim id in©
(0 .6 7  g# 4 5 $ ). H alogen was a g a in  shown p re s e n t  i n  s o lu t io n  
by t e s t i n g  w ith  s i l v e r  n i t r a t e  s o lu t io n .
2 -  Chlo ro -4 -  i  sopro p oxypy rim i d in e . -  2 :4 -D ic h lo ro p y rim id in e  
(1 .5  g . )  was d is s o lv e d  in  iso -p ro p a n o l {5 m l.)  and added 
to  a s l i g h t  ex c e ss  o f  p o ta ss iu m  h y d ro x id e  d is s o lv e d  in  
iso -p ro p a n o l. The m ix tu re  was re f lu x e d  f o r  t h i r t y  m in u te s . 
On a llo w in g  th e  r e a c t io n  m ix tu re  to  c o o l 2 :4 - d ie h lo r e -  
py rim i d in e  c r y s t a l l i s e d  o u t (1 .3 5  g .  9 0 $ ) .
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SUMMARY
A ttem pts to  s y n th e s is e  d ia z a e a rb a z o le s  have giown 
t h a t  d e a c t iv a t io n  o f  th e  d ia z in e  r in g  system  ca u se s  g r e a t  
d i f f i c u l t y  i n  b r in g in g  abou t c y c l i s a t io n  in  th e  u s u a l 
s y n th e t ic  m ethods.
3 - O hioro- 5 ;6 ;7 :8 - te tr a h y d ro -1 ;2 -d ia a a e & rb a z o le  h a s  
however been p rep a red  from the cyclohexanone d e r iv a t iv e  
o f  3 -0 h lo ro -6 -h y d ra z in o -p y r id a z in e  by th e  Borsche m ethod.
A new s y n th e s is  o f 1 -me thy  U ndo le  h a s  been e s ta b l i s h e d .
An i n t e r e s t i n g  Beckmann r e a c t io n  i s  su g g es ted  by th e  
fo rm a tio n  o f  l-F h e q y l- in d o lo fE ':3 *  sg sS i-h -h y d ro z y p y rr  ole 
jfrom 3 -P h en aey l-o x in d o le  hydrazone i n  th e  p re se n c e  o f  
p o ly p h o sp h o rio  a c id .
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"SIBTHESIS
PART I I I  
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In m ost o f  i t s  re  a c tio n s*  fluo ran then©  f i e l d s  mono- 
d e r iv a t iv e s  which a re  n e a r ly  alw ays mixed w ith  d i s u b s t i t ­
u te d  f lu  c r  on then  & e *
ihe s e p a ra t io n  o f  th e se  p ro d u c ts  i s  u s u a lly  a  m a tte r  
o f  c o n s id e ra b le  d i f f i c u l t y .  As a  r e s u l t  any s y n th e s is  
w hich p roduces on ly  one p ro d u c t i s  o f  c o n s id e ra b le  i n t e r e s t .
In  1949 Canjpbell & Wang(07) d e s c r ib e d  the  s y n th e s is  
o f  f l t to ra n th o n o -3 :4 -d ic a x b o x y lic  a c id  anhydride  ( I )  In  th e  






On su b seq u en t h y d r o ly s is  and d e c a rb o x y la tio n  of t h i s
a c id  anhy d rid e  th e s e  o rk e re  c la im ed  to  have o b ta in e d  
f lu o ra a th e n e -3 -c a rb o x y lic  a c id  i n  low y i e l d .
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In  1950, Hawkins & T ueker(88) d e s c r ib e d  a s y n th e s is
o f  11 -m eth o x y flu o ran th en e  ( I I )*






Ihey condensed 1 -io d o n a p h th a le n e  by a c ro sse d  Ullxnann 
r e a c t io n  w ith  4 -b ro m o -3 -n itro a n is o le  and o b ta in e d  th e  
p ro d u c t ( I I I )  which on re d u c tio n  w ith  Baney n ic k e l  and 
hydrogen  y ie ld e d  the amine (IV ). On d ia z o t i s a t i o n  o f  
t h i s  amine and h e a t in g  the p ro d u c t w ith  co p p e r, 11-methoxy- 
f lu o ra n th e n e  was o b ta in e d .
B r
Fte O
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In a la te r  paper b^ Stubbs and Tucker(89) the syntheses 




H aving f a i l e d  to  p re p a re  1 0 -m eth o x ^flu o ran th en e  by th i s  
g e n e ra l  m ethod, the method was m od ified  th e s e  w o rk e rs•
In  th e  m o d if ic a tio n  the$ used l-b ro ra o -8 -n itro n a p h th a le n e  
and jo - io d o a n iso le  •
Eie s y n th e s is  o f  th e  onljr o th e r  methoxy iso m er, v iz * ,
3-me th ox^ f ln o  ra n  then© p r e s e n ts  u n u su a l d i f f i c u l t i e s  how ever, 
s in o e  d i r e c t  p r e p a r a t io n  o f  l~ iodo-3~m eth02qm aphthaleae 
h a s  n o t  been ach ieved*
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PISCOSSIOff
!2he s y n th e s i s  o f  3 -m eth o x ^ flu o ran th en e  was based 
i n i t i a l l y  on th e  work o f  Campbell and Wang(87). I t  was 
th o u g h t  t h a t  i f  the f i e l d s  o f  f lu o ra n th e n e -S - c a r b o s ^ l ic  
ac id  could be improved, th e n  3-me th o x ^ f lu o ran  then© m i^dt 




The i n i t i a l  problem  was th u s  to  improve upon the y i e l d s  o f  
fInoran th e n e - 3 ;4 -d i ca rbo x y lie  a c id  anhydride*
So m a tte r  how th e  c o n d i t io n s  o f  t i e  D ie ls -A ld e r  
a d d i t i o n  were v a r i e d ,  i t  was found im p o ss ib le  to  o b ta in  
any in c re a s e  in  th e  10$ y i e l d  c la im ed  by th e  above w orkers . 
The v a r i a t i o n s  t r i e d  were changing c o n c e n t r a t io n  o f  a c e t i c  
a n h y d r id e ,  changing the  d u r a t io n  of the ex p e rim en t,  and 
f in a L ly  th e  a d d i t io n  o f  t r i c h l o r o a c e t i c  a c id  in  an e f f o r t  
to  c a ta ly z e  the r e a c t i o n .
On h y d r o l y s i s  and d e e a rb o x y la t io n  o f  the a c id  an h y d r id e ,  
i t  was found t h a t  only a  sm all amount o f  a c id  m a t e r i a l  was 
o b ta in e d .
'JSiis was i n  agreem ent w ith  th e  work p re v io u s ly  quoted 
b u t  the  v$ry low y i e l d s  ren d ered  the su b seq u en t s y n th e s i s  
o f  3 -m e th o sy flu o ran th en e  im p r a c t ib l e .
Using a  s y n th e s i s  ana lo g o u s  to  t h a t  employed by 
Campbell and Wang i t  was though t t h a t  3 :4 -d ia z a f lu o r a n th e n e  
m ight be s y n th e s i s e d .
N-COOE1
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I t  was however found im p o ssib le  to  form th e  Die I s -A ld e r  
ad d u e t a t  a l l  u s in g  a z o -d ic a rb e  th o x y la te  a s  the d ie n o p h ile .
Thus bo th  th e s e  approaches had to  be abandoned, and 
in  a  f u r th e r  a tte m p t to p re p a re  3-me th  o x y flu o ran th en e  
C lo v e s1 a c id  was used a s  s t a r t i n g  m a te r ia l .
By analogy to the work o f  S tubbs and T ucker{89) the  
s y n th e s is  o f 3-methoxy f lo o r  antheno should in v o lv e  th e  
co n d e n sa tio n  o f  £ -b ro m on itrobenzene  w ith  l- io d o -6 -m e th o x y - 
n a p h th a le n e . I2he d i f f i c u l t y  i s  t h a t  l- io d o -6 -m e th o x y - 
n a p h th a le n e  can n o t be p rep a red  d i r e c t l y .  Hence th e  r a th e r  
d e v io u s  ro u te  from C lo v es1 a c id  was u n d e r ta k e n . Cloves* 
a c id  i s  in  f a c t  a  m ix tu re  o f  l-n a p h th y la m in e -6 -su lp h o n io  
a c id  and l-n a p h th y la in in e -7 -su lp h o n ie  a c id .  2hns the  
C loves* a c id  m ust i n i t i a l l y  be se p a ra te d  to  o b ta in  on ly  
th e  l-n a p h th y la m in e -6 -su lp h o n ic  a c id .  The r e a c t io n  
sequence i s  shown o v e r le a f .






A ll th e  s te p s  i n  th e  above s y n th e s is  o f  l - io d o - 6 -  
m ethoxynaph thalene have been p re v io u s ly  d e s c r ib e d , b u t a  
s tudy  o f th e  p r e p a r a t io n  o f  the o r ig in a l  1 -naph thy lam ine*  
6 -su lp h o n ic  a c id ,  i t s  co n v e rs io n  to  the am inophenol and 
su b seq u en t a o e ty la t io n ,  h a s  da own some e r r o r s  in  th e  f i r s t  
p r e p a r a t io n  and a ls o  the n e c e s s i ty  to  m o d i^  the ex p e rim en ta l 
p ro eed u re  i n  the o th e r  in s ta n c e s .
Jile rz -D av id  and Blangey c la im  to have p rep a red  die 
mixed a c id s  by su lp h o n a tio n  o f  n ap h th a len e  fo llo w ed  by 
n i t r a t i o n  and re d u c t io n . In  no in s ta n c e  was i t  found 
p o s s ib le  to  r e p e a t  the y ie ld s  o f  th e se  w orkers , and i t  
was a ls o  found t h a t  t h e i r  a l le g e d  s e p a ra t io n  f a i l e d .
(Shese w o rk ers  claim ed  t h a t  p r e c i p i t a t i o n  o f  th e  sodium 
s a l t  i n  a  10J» s o lu t io n  o f  sodium c h lo r id e  gave only d ie  
sodium s a l t  o f  l-n a p h th y la m in e -7 -su lp h o n ic  a c id .  We 
found how ever, t h a t  th e  sm all am ount o f sodium s a l t  which 
o r y s t a l l ! s e d  gave a  jS-benzy l is o th io u ro n iu m  c h lo r id e  
d e r iv a t iv e  of l-n a p h th y la m in e -6 -su lp h o n io  a c id .
S h is was a g a in  shown to be t ru e  u s in g  a  com m ercial 
sam ple o f  the sodium s a l t s  o f  the  mixed a c id s .  fhus 
s e p a ra t io n  by means o f  1he sodium s a l t s  was n o t  p e s s ib lf i .
A com m ercial sample o f  th e  mixed a c id s  was th e r e fo r e  
s e p a ra te d  by means o f  the magnesium s a l t s ,  th e  s a l t  o f  
th e  l~ nap h th y lam in 6 -6 ~ 8 u lp h o n ic  a c id  b e in g  a lm o s t in *  
so lu b le  i n  c o ld  w a te r .
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fhe co n v e rs io n  o f  1 -naph thy  1 am ine-6 - su lp h o n ic  a c id  
to  5 -am ino -2 -n ap h th o l h as  been  d e s c r ib e d  by Cam pbell, 
la fo r g e  and Campbell (9 1 ). 'ihey used a m e lt o f  p o tassiu m  
hydro x id e  a t  a  commencing tem p e ra tu re  o f  230°C, r a i s i n g  
th e  m e lt to  310-320°C f o r  ab o u t te n  m in u te s . 5Ehe y ie ld  
olaim ed was 60$. I t  h a s  been found how ever, t h a t  beyond 
290°C, c o n s id e ra b le  d ecom position  o ccu rs  and a ls o  t h a t  th e  
t o t a l  tim e  o f  h e a tin g  should n o t exceed seven m inutes*  
2hU8, by a  m od ified  p ro ced u re  we have o b ta in ed  y ie ld s  o f  
90$ .
She above m entioned w orkers a c e ty la te d  th e  5 -sm ino-
2 -n a p h th o l by means o f  an u n u su a lly  la rg e  ex cess  o f  a c e t i c  
an h y d r id e . Uhe r e a c t io n  was k e p t co ld  and the tim e taken  
was fb u r  hours*  Qhe y ie ld  was 60jre>. !lhe d i f f i c u l t y  h e re  
was th e  s e p a ra t io n  o f  th e  p ro d u c t from th e  v a s t  e x c e ss  o f  
a c e t i c  a n h y d r id e . I t  was found t h a t ,  by a c e ty l a t i o n  In  
benzene s o lu t io n  a s  d e sc r ib e d  by Kau£mann(92), th e  tim e 
n e c e ssa ry  f b r  r e a c t io n  was f i f t e e n  m in u tes and the  y ie ld  
t h e o r e t i c a l .
C onversion  o f  the 5 -a c e ty la m in o -2 -n a p h th o l to  6- 
methoxy- 1 - naph thy laraine h y d ro c h lo r id e  was e f f e c te d  by the  
method o f B u tenand t and Schranm f93). 2he compound 1- 
iodo -6 -m eth  oxy n ap h th a le n e  was o b ta in e d  from  t h i s  hyd ro ­
c h lo r id e  by a Sandmeyer r e a c t io n  a s  d e sc r ib e d  by ¥ i ld s  
and C lo se (9 4 ) .
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3-M ethoacyfluoranthene was p rep ared  from l - io d o - 6 -  
m ethoxynaphthalene as  p re v io u s ly  shown, th e  m ethods used 
be in g  ana logous to th o se  employed p re v io u s ly  by Stubbs & 
'fu c k e r(89 ) fo r  the s y n th e s is  o f  4 -rn e th o x y flu o ran th en e•
'The p ro d u c t , 3-rae thoxy f lu o ra n th e n e , h a s  been c h a ra c te r i s e d  
by s e v e r a l  d e r iv a t iv e s .
The u l t r a - v i o l e t  gaeetrum  o f t h i s  compound confDrms 
to  th e  s p e c t r a  o b ta in ed  by S tubbs & fu c k e r  f o r  th e  S -# and
4 -m e th o x y flu o ran th e n es  and does f u r th e r  su p p o rt th e  th e o ry  
p u t  fo rw ard  b y  th e se  w orkers re g a rd in g  th e  i n t e r - r e l a t i o n  
o f  t h e  p - b a n d s  and  t i e  p o s i t io n  o f  the  m ethoxyl group on 
th e  f lu o ra n th e n e  n u c le u s .
“ 119 ~
An a t te m p t  ^ a s  a l s o  made to s u n th e s is e  3-methox^- 
f lu o ra n th e n e  a  d i f f e r e n t  r o u te .
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!ihe e s t e r  th u s  o b ta in ed  should  th en  be r e a d i ly  
co n v e rted  to  the  m ethyl e th e r  by the  ro u te  shown in  th e  
f i r s t  s y n th e s is .
At f i r s t ,  an a tte m p t was made to  use 5-brom o-y^- 
n ap h th o ic  a c id  in s te a d  o f  th e  l e s s  a c c e s s ib le  5 - io d o -y ^ -  
n ap h th o ic  a c id .  Sh is compound was p rep a red  by bromi n a t io n  
o f  ^ - n a p h t h o i c  a c id  in  g l a c i a l  a c e t ic  a c id (9 5 )  (9 6 ) .
f h i s  a c id  was co n v e rted  to  i t s  m ethy l e s t e r  by r e  f lu x ­
in g  i n  m ethanol and s u lp h u r ic  a c id .
rIhe  e s t e r  was th en  condensed w ith  o^brom o-n itrobenzene 
in  a  c ro sse d  Ullmann r e a c t io n ,  b u t ,  on i s o l a t i o n  o f  the 
p ro d u c ts  o f  t h i s  r e a c t io n ,  la rg e  q u a n t i t i e s  o f  the  s t a r t i n g  
m a te r ia l s  were i s o l a t e d .  Uo 5-(2*  - nitroph© ny 1 n ap h th o ic
m ethy l e s t e r  could be i s o l a t e d .  2hus the bromo s u b s t i tu te d  
e s t e r  was n o t r e a c t iv e  enough to  tak e  p a r t  i n  a  c ro sse d  
Ullmann r e a c t io n .
With a view  to  o b ta in in g  the more r e a c t iv e  5 - io d o ^ ^ -  
n ap h th o ic  a c id ,  ^ - n a p h th o ic  a c id  was n i t r a t e d  a s  d e s c r ib e d  
by H o rriso n  & B oyle(97) (98) to  g ive a  m ix tu re  c o n ta in in g  
e q u a l am ounts o f  5 -n itro -y ^ -n a p h th o ic  a c id  and 8 - n i t r o - y ^ -  
n ap h th o ic  a c id .  2he o b je c t  was th en  to s e p a ra te  the  5 -  
iso m er, reduce th e  n i t r o  group g iv in g  5 - am in o -^? -n ap h th o ic  
a c id ,  d ia z o t iz e  and t r e a t  w ith  p o tassiu m  io d id e  to  g iv e  
5 - io d o -^ - n a p h th o ic  a c id .
A s e p a ra t io n  o f  the 5 - and 8 - n i t r o - f l -n a p h th o ic  a c id s  
i s  d e s c r ib e d  i n  the l i t e r a t u r e (97) (99) whereby the  m ix tu re
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o f  a o id s  i s  t r e a te d  w ith  sodium ca rb o n a te  s o lu t io n ,  and , 
on c o n c e n tr a t in g  th e  s o lu t io n ,  the  5 -isom er se p a ra te s*
The a u th o r  was unab le  to ac h iev e  a  s e p a ra t io n  by t h i s  
me thod*
The ammonium s a l t s  were p rep a red  and an a tte m p t was 
made to  s e p a ra te  th e se  by chrom atography , u s in g  a  c e l lu lo s e  
column w ith  a  s o lu t io n  o f  w a te r , a lc o h o l and ammonia a s  
e lu e n t*  Ho s e p a ra t io n  was ach ieved  and t h i s  p r e p a ra t io n  
was abandoned*
She method f i n a l l y  adop ted  to  p re p a re  5 - io d o - /? -  
n ap h th o ic  a c id  was by d i r e c t  io d ln a t io n  o f  j S -n a p h th o ic  
a c id  u s in g  io d in e  and s i l v e r  su lp h a te  in  s u lp h u r ic  ac id*
The use o f  th e se  r e a g e n ts  f o r  io d ln a t io n  was f i r s t  d e s c r ib e d  
by D erb y sh ire  and W aters(100) (101)*
The 5 - io d o - / )  -n a p h th o ic  a c id  was s e p a ra te d  from 5 :8 -  
d l io d o - ^ - n a p h th o ic  a c id  and u n reac ted  ^ - n a p h t h o i c  a c id  
by f r a c t i o n a l  c r y s t a l l i s a t i o n  from a c e to n e , th e  5 - i o d o - ^ -  
n ap h th o ic  a c id  being  l e a s t  so lu b le*
T h is a c id  was then  co n v e rted  to i t s  m ethy l e s t e r  a s  
p re v io u s ly  d e s c r ib e d (1 0 2 ).
The e s t e r  was condensed w ith  £ -b ro m o -n itro b en zen e  by 
a  c ro sse d  Ullmann r e a c t io n  to  y i e ld  a  sm a ll q u a n t i ty  o f  
5 - ( 2 * - n i t r o p h e n y l) - ^ - n a p h th o ic  a s te r*  3he r e a c t io n  was
re p e a te d  u s in g  a c t iv a te d  copper pow der(103) g iv in g  a  
g r e a t ly  in c re a s e d  y ie ld  o f  the d e s ire d  p ro d u ct*
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in d u c t io n  o f  the  n i t r o  group w ith  hydrogen and Haney 
n i c k e l  gave 5 - (2 * -aminopheny 1 ) -  ^ -n a p h th o ic  roethyl e s te r *  
D ia z o t i s a t io n  o f  t h i s  a a in e  and subsequen t warming gave
3 -c a rb o m e th o x y flu o ra n th en e . hy c a r e f u l  c r y s t a l l i s a t i o n ,  
a n o th e r  compound was a l s o  i s o l a t e d  from t h i s  r e a c t io n *
T h is compound had a  much h i $ i e r  m e lt in g  p o i n t .  2h© 
e x a c t  n a tu re  o f  t h i s  i s  unknown b u t  s in ce  th e  r e a c t i o n  
used  in v o lv e s  f r e e  r a d i c l e s  i t  i s  suggested  t h a t  some 
form o f  d im eric  m a te r i a l  h a s  r e s u l t e d .
B ir th e r  work i s  s t i l l  b e in g  c a r r i e d  o u t  on t h i s  
s y n th e s is  o f  3-m ethoxyx lu o ra n theno w ith  a view to  
p u b l is h in g  bo th  s y n th e se s  o f  t h i s  compound.
The in f r a - r e d  s p e c t r a  o f  a l l  th e  m e ih o x y flu o ran th en es  
and th e  two compounds sy n th e s is e d  above were now examined. 
For com parison  4 -io d o  f lu o  ran  then  e and 1 - (£-methoxy p h e n y l) 
n a p h th a le n e  were a l s o  examined* The g rap h s  o f  th e s e  
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The in f r a - r e d  s p e c t r a  o f  2 - ,  3 - ,  4 - ,  1 0 - , and l i ­
me thoxy f lu  o r an th en  © a r e  shown on the  p re c e d in g  p a g e s .
A lso reco rd ed  a re  th e  s p e c tr a  o f  1-jo«m ethox#naphthalene 
and 4 - io  do naph thalene*
]?rom a  study  o f  th e se  s p e c t r a  i t  i s  found t h a t  th e  
f lu o ra n th e n e  system  i s  c h a ra c te r i s e d  by a  sm all doub le 
peak  a t  abou t th e  950 re g io n  and a l s o  by a  peak in  th e  
850 reg io n *  These peaks a re  n o t  found in  th e  spectrum  
o f  1-Oj-me thoxy n ap h th a le n e  b u t a re  found in  a l l  s p e c t r a  o f  
th e  su b s ta n c e s  c o n ta in in g  the  f lu o ra n th e n e  nucleus*  In  
th e  ca se  o f  th e  me thox^ f lu  o r  an th a n e s  a n o th e r  peak  i s  to  lie 
n o te d  in  th e  800-820 re g io n . I f  the  m ethoxyl group i s  
s u b s t i tu te d  on the n ap h th a len e  system  t h i s  peak  i s  a  sm a ll 
one* I f  how ever, th e  m ethoxyl group i s  on th e  benaene 
n u c le u s  th e  peak  i s  a  m ajor one*
Both 3 - ,  and 11-methoxy f lu o ra n th e n e  show a  medium 
peak  a t  the 875 re g io n . Q his e f f e c t  i s  p rob ab ly  e x p la in e d  
bp the f a c t  th a t  the m ethoxyl g ro u p s i n  th e s e  two su b s ta n c e s  
a r e  s im i la r ly  p la c e d  on the  f lu o re n e  p a r t  o f  th e  nucleus*  
U sing th e s e  f a c t s  i t  becomes p o s s ib le  to  p r e d i c t  the 
p o s i t io n  o f  a  s in g le  m ethoxyl group from  a  knowledge o f  
th e  i n f r a - r e d  graphs*
In  th e  ca se  o f  the 2-me th o x y flu o ra n th e n e  the sp ec tru m  
i s  very  s im i la r ,  b u t  th e  peaks a t  ab o u t 850 and 800-820 
a re  moved c lo s e r  to g e th e r*  b e in g  i n  f a c t  a t  830 and 810 
r e s p e c t iv e ly ; a l s o ,  th e  peaks a re  o f  a lm o st i d e n t i c a l  
in te n s i ty *
Thus* a s  was reco rd ed  by Stubbs and Tucker in  t h e i r  
s tu d ie s  o f th e  u l t r a - v i o l e t  s p e c tr a  o f  th e s e  compounds, 
th e  a b s o rp tio n  spectrum  o f  2-me thoxy f lu o ra n th e n e  does 
show a somewhat anomolous p a t te rn *
The g rap h s  o f th e  carbom ethoxy compounds a re  somewhat 
d i f f e r e n t ,  a lth o u g h  in  th e  c a se  o f  3-carbornethoxy- 
f lu o ra n th e n e  th e re  i s  s t i l l  a  double peak in  th e  950 re g io n  
w ith  sm all p eak s a t  875 and 820* This i s  v e ry  s im ila r  to  
the spectrum  o f  3 -me thoxy f lu o ra n th e n e  •
The spectrum  g iven  by th e  m a te r ia l  w hich had been 
su g g ested  a s  a  d im erised  compound shows few peaks i n  t h i s  
re g io n  and th e  in f r a - r e d  spectrum  does not seem in  keep ing  
w ith  th e  com plex ity  o f  th e  suggested  form ula*
A d e te rm in a tio n  o f  the m o lecu la r  w eig h t by th e  B ast 
m eth o d  a l s o  in d ic a te d  t h a t  the  p ro d u c t had a  m o lecu la r  
w e ig h t  o f ab o u t 260, i . e .  i t  was monomeric* 3 h e  e x a c t 
n a tu re  o f  t h i s  p ro d u c t h a s  n o t been d e f in i t e ly  e s ta b l is h e d *
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f f lu o ra n th e n e -3 :4 -d ic a rb o x y lie  a c id  a n h y d rid e . -  As in  the 
method o f  Campbell and Bang(8 7 ) , 9 -m e th y lf lu o re n o l ( 1 .0  g . )  
was mixed w ith  m aleie  an h y d rid e  (2 .5  g . )  i n  a c e t i c  anhy­
d r id e  (6 .7 5  m l.)  a s  s o lv e n t ,  and the m ix tu re  r e f lu x e d  fo r  
two h o u r s .  y iu o ra n th e n e -3 :4 -& ic a rb o x y lic  a d d  anhydrid e  
s e p a ra te d  on c o o lin g  and c r y s t a l l i s e d  from a c e t ic  an h y d rid e  
i n  y e llo w  n e e d le s  m .p. 268°C (0 .1 3  g .  1 0 $ ).
M odified  P ro c e d u re . -  9 -M e th y lf lu o re n o l ( 1 .0  g . )  was mixed 
w ith  m ale ic  anhy d rid e  (0 .7 5  g . ) and h e a te d  in  a c e t i c  anhy­
d r id e  (10 m l.)  under r e f lu x  fo r  h a l f  an  h o u r . She s o lu t io n  
became a lm o st b la c k . On c o o lin g , P lu o ra n th e n e -3 :4 -d ic a rb -  
oXVlie a c id  anhydride  s e p a ra te d  as y e llo w  n e e d le s  m.p* 268°0 
(0 .1 4  g . 1 0 $ ).
Both th e se  p ro c e d u re s  were re p e a te d  u s in g  r e a c t io n  
tim e s  o f fo u r  and s ix  h o u rs .  She r e s u l t s  were e x a c tly  
as above. The s ix  ex p e rim en ts  above were re p e a te d  in  
the  p re se n c e  o f  t r i c h l o r o a c e t i c  a c id  i n  an  e f f o r t  to 
c a ta ly s e  th e  D ie ls -A ld e r  r e a c t i o n .  In  every e a se  th e  
y ie ld  rem ained a t  10$.
A ttem p ts  t o  o b ta in  more m a te r ia l  from  th e  r e a c t io n  
m ix tu re  by d i l u t i o n  w ith  w a te r  alw ays gave p r e c i p i t a t i o n  
o f  th e  polym er d e r iv e d  from  m ethylene f lu o ren e*
3 :4 -  P i ca r be th  oxy- 3 :4 -d i  a z a -3 :4 -d  ihy d r o f  lu o  ra n  th en  e . -  9 -
M e th y lf lu o re n o l (1 .0  g . ) was mixed w ith  e th y l- a z o d ic a rb -
129 -
o x y la te  (1 .0  g . )  and the m ix tu re  was h e a te d  a t  130° C f o r  
3 h o u rs . She on ly  p ro d u c t o b ta in ed  was an i n t r a c t i b l e  
brow nish  co lo u red  r e s i n .
M odified P ro c ed u re . -  (a )  9-Me thy I f  lu o re n o l ( 1 .0  g . )  was 
mixed w ith  e th y 1 -a z o d ie a rb o x y la te  (1 .0  g . )  i n  a c e t i c  
an h y d rid e  (10 m l.)  and the whole re f lu x e d  fo r  4 h o u rs .
The a c e t i c  anhydride  was d i s t i l l e d  o f f  and the  r e s id u e  
t r e a t e d  w ith  c a u s t ic  soda s o lu t io n .  The p ro d u c t was . 
e x t r a c te d  w ith  e th e r .  3 h is  e x t r a c t  y ie ld e d  on ly  a  
gummy re s id u e  which appeared  to  be p o lym erised  m eth y len e- 
f lu o r e n e .  I t  co n ta in ed  no n i t r o g e n .
(b ) Qhe above experim en t was re p e a te d  in  th e  p re se n c e  o f  
t r i c h l o r o a c e t i c  a c id  a s  c a t a l y s t .  A gain only  polym er 
r e s u l t e d .
S e p a ra t io n  o f  the mixed l-n a p h th y la m in e -6 -su lp h o n io  and
l-n a p h th y la m in e -7 -su lp h o n ic  a c id s . -  The com m ercial 
mixed a c id s  (223 g . )  were d is s o lv e d  in  w a te r  (2 1 . )  
made a lk a l in e  w ith  c a u s t ic  soda s o lu t io n  (95 m l. 3 2 $ ) . 
Animal c h a rc o a l was added and th e  m ix tu re  s t i r r e d  a t  
80-90°0  fo r  t h i r t y  m in u te s . The in s o lu b le  m a tte r  was 
f i l t e r e d  o f f  and washed w ith  b o i l in g  w a te r  (200 m l . ) ,  
dhe volume was a d ju s te d  to  2 ,200  m l. and the s o lu t io n  
s t i r r e d  a t  80-90°C w h ile  Bpsom s a l t  (367 g») was added .
The s o lu t io n  was a llow ed to  c o o l slow ly  and th e  magnesium 
s a l t  o f  l-n a p h th y la ia in e -6 -su lp h o n ic  a c id  was f i l t e r e d  o f f .
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T his s a l t  was d isso lv e d  in  w a te r  a t  80-9Q°C (2*5 1 . )  and 
h y d ro c h lo r ic  a cid  (140 ml* 36$) was slow ly  added. On 
o o o lin g , th e  1 -n a  phthy1amine- 6 - s u lp h on ic  a c id  was f i l t e r e d  
o f f .  The compound was washed w ith  w ate r (500 m l.)  and 
d r ie d  a t  60°C. This gave l-naphthylam ine-6-B ulphonic  
a o id  a s  a  x^ink powder, (104 g . 6 0 ^ ).
5 -A m in o -2 -n ap h th o l. -  1 -iiap h th y lam in e-6 -su Ip h o n ic  a c id  
(40  g .)  was added to  a  m e lt o f  p o ta ss iu m  h y d ro x id e  (70 g . )  
and w a te r  (10 m l.)  a t  a te m p e ra tu re  o f  250°C. The temp­
e r a tu r e  o f  the r e a c t io n  m ix tu re  ro se  r a p id ly  to  270*280°C. 
!Ehe m ix tu re  was m ain ta in ed  a t  t h i s  te m p era tu re  so t h a t  the  
t o t a l  r e a c t io n  tim e was seven  m in u te s ; c a re  b e in g  ta k e n  to  
avoid  ex ceed in g  th e  c r i t i c a l  tem p e ra tu re  o f  290°C, beyond 
which d ecom position  v .ith  e v o lu tio n  o f  ammonia occurred*  
H ea tin g  a t  the upper l im i t  was however e s s e n t i a l ,  o th e rw ise  
much o f the 1 -n ap h th y la m in e -6 - su lp h o n ic  a c id  was reco v e red  
unchanged . The fu sed  mass was d is s o lv e d  i n  h o t  w a te r  
(250 ml*) and a c id i f i e d  w ith  5-U h y d ro c h lo r ic  a c id .  The 
s o lu t io n  was f i l t e r e d  to  remove t a r s ,  th e n  J u s t  n e u t r a l i s e d  
w ith  c a u s t ic  soda s o lu t io n  ( 15-D) and f i n a l l y  made a lk a l in e  
w ith  e x c e ss  ammonium c a rb o n a te . T his y ie ld e d  5 -am ino-g - 
n a p h th o l a s  a  g rey  powder m .p . 166°C (25*2 g .  9 0 $ ).
5 -A oety la m in o -2 -n a p h th o l. -  5 -A m ino-2-naph tho l (1 6 .0  g . ) 
was suspended in  benzene (30 m l . ) .  To the g e n tly  
r e f lu x in g  su sp en sio n  was added th e  c a lc u la te d  e q u iv a le n t 
o f  a c e t i c  an h y d rid e . A v ig o ro u s  r e a c t io n  o cc u rred  to
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y ie ld  a  d a rk  grey  so lid *  T his p ro d u c t, c r y s t a l l i s e d  from 
m eth an o l, y ie ld e d  5 - a c e ty 1am ino-2-naph tho1 a s  w h ite  b la d e s ,  
m .p . 215&G ( y ie ld  t h e o r e t i c a l ) .
The n e x t s ta g e s  o f  the s y n th e s i s  o f  1 - io d o -6-methoxy-  
f lu o ra n th e n e  were c a r r i e d  o u t e x a c t ly  a s  d e sc r ib e d  i n  the 
l i t e r a t u  r e .
2-lie th o x y -5 - (2 >- n i  tro p h e n y l) n a p h th a le n e . -  1 - Io d o -6-me thoxy -  
n a p h th a le n e  ( 2 .8  g . ) and o .-brom onitrobenzene ( 2 .2  g . ) w ere 
h e a te d  to  180°0 and copper powder (3 .5  g . ) added, w ith  
s t i r r i n g .  A f te r  2 h o u r s ' h e a tin g  th e  cooled  mass was 
e x t r a c te d  w ith benzene . On e v a p o ra tio n  the benzene 
y ie ld e d  a  red  o i l ,  which on t r i t u r a t i o n  w ith  e th a n o l 
fo llo w ed  by c r y s t a l l i s a t i o n  from l i g h t  p e tro leu m  (40-6G°C) 
gave g re e n -y e llo w  p r ism s , m .p. 107-8°C , o f  2 -m ethoxy-5- 
( 2 * -n itro p h e n y l)n a p h th a le n e  (0 .8  g . 3 0 $ ) . (Found:
0 . 7 2 .9 1 : H, 4 .8 7 : H, 4 .9 7 . C17H1 3 Q3 E r e q u i r e s  0 , 7 3 .1 :
H, 4 .7 :  If, 5 .6 $ ) .
2- M ethoxy-5 -( 2 "-am lnopheny1 )n a p h th a le n e . -  B ed u etio n  o f  
th e  above n i t r o  compound w ith  hydrogen in  p re se n ce  o f  
Baney n ic k e l  in  e th s n o l  gave 2-m ethoxy-5 - (2 '-a m in o p h e n y l) 
n a p h th a le n e . m .p . 114°C (from  e th & to l) ,  ( o .a .  100$)
(Found: C, 6 1 .6 8 : E, 5 .9 3 : U, 5 .6 9 . r e q u i r e s
0 , 8 1 .9 :  H, 6 .1 :  H, 5 .6 $ ) .
3 - Me thoxy f  luo r  an th  en e . -  The above amine was d is so lv e d  i n  
ex c e ss  o f h o t d i l u t e  s u lp h u r ic  a c id ,  and the s o lu t io n  co o led
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s lo w ly , to g ive  th e  su lp h a te  a s  a  w h ite  c r y s t a l l i n e  
p r e c i p i t a t e ,  which was th e n  d ia z o t i s e d  a t  room te m p e ra tu re , 
g iv in g  a  red  so lu tio n *  A fte r  30 m in u tes  a t  room temp­
e r a tu r e  th e  m ix tu re  was h ea ted  on a steam  b a th  w ith  f re q u e n t 
s t i r r i n g ,  u n t i l  i t  became c o lo u r le s s .  The f i l t e r e d  re s id u e  
was e x tra c te d  w ith  h o t  benzene, and the s o lu t io n  chrom ato­
g raphed  on a lum ina . The yellow  e lu a te  ( s tro n g  b lu e  
f lu o re s c e n c e )  gave 3-me thoxy f  luo ra n  thane  (5 0 ^ ) , w hich 
c r y s t a l l i s e d  from m elhano l a s  cream  m icro-czy s t a l s ,  
m.p* 82° G (Found: 0 , 8 7 .6 8 : H, 5 .2 6 . ° l 7H i2 °  r e q u i r e s
C, 87*9: H, 5 * 2 $ ).
fJ h is  p ro d u c t was c h a r a c te r i s e d  by th e  fo rm a tio n  o f  
th r e e  d e r iv a t iv e s .  I t  was co n v e rte d  to i t s  p i o r a t e « 
o ran g e -y e llo w  n e e d le s  (from  e th a n o l ) ,  m.p* 178°0 ( s o f te n ­
in g  a t  174°C) (Found: 0 , 5 9 .6 7 ; H, 3 .0 3 : H, 8*97.
C^H^gO.CgHgOyHg r e q u i r e s  0 , 5 9 .9 ; H, 3*3: S 9 9*1$)*
I t  a ls o  y ie ld e d  a  complex w ith  1 : 3 : 5 - t r i n i t r o b e n z e n e . 
vfoioh c r y s t a l l i s e d  from a  m ix tu re  o f  e th a n o l and a c e t i c  
a c id  as  y e llo w  n e e d le s , m .p. 177-178°C. (Found: G, 6 1 .9 :
H, 3 .2 .  r e q u i r e s  C, 6 2 .0 : H, 3 .4 $ ) .
I t  was f in a l ly  co n v e rted  to  a  2 ;4 :7 - t r i n i t r o f l u o r e n e  
com plex ( i n  g l a c i a l  a c e t i c  a c id )  c r y s t a l l  1 s in g  from  
g l a c i a l  a c e t i c  a c id  in  o range n e e d le s , m .p . 2 2 0 ° (Found:
0 , 35*8: H, 3*03. Gl7&l2^*O13E5 O7E3  r e q u ir e s  Gt 6 5 .8 :
H, 3 .1 $ ) .
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5 -B ro m o -^ -n a p h th o ic  m ethy l e s t e r #- The method used  was 
the same a s  t h a t  used by G o ld s te in  and Mat they  (102) f o r  
the p r e p a r a t io n  o f  5 - io d o - ^ -n a p h th o ic  ac id#
5 -i3 ro m o -^n ap h th o ic  a c id  (0*8 g# ) was re f lu x e d  f o r  
th re e  h o u rs  w ith  a m ix tu re  o f m ethanol and c o n c e n tra te d  
s u lp h u r ic  ac id  (2 0 :1 ) .  M ethanol was th en  removed by 
d i s t i l l a t i o n  and th e  e s t e r  o b ta in ed  by p o u rin g  th e  m ix tu re  
in to  w ater#  C r y s t a l l i s a t i o n  o f  the c ru d e  p ro d u c t from  
90$ m ethano l gave 5 -B ro m o-/^ -naph tho ic  m ethyl e s t e r  a s  
w h ite  n e e d le s  m.p# 72°0 (0#6 g* 7(^>).
5 -  (2 "-Hi tro p h e n y l)-  /^ -n ap h th o ic  e s t e r *- 5-Bro m o -/^ -n ap h th o ic  
e s t e r  (0 .4 6  g#) was h e a te d  in  an o i l  b a th  a t  180°C f o r  one 
h o u r in  th e  p re se n ce  o f £ -b rom o-n itrobenz© ne ( 0*33  g# ) anfl 
cop p er powder (0 .25  g#)# The m ix tu re  was m ech an ica lly  
s t i r r e d #  The p ro d u c t was e x t r a c te d  w ith  h o t  benzene#
The benzene s o lu t io n  was chrom atographed on alum ina#
She f i r s t  f r a c t i o n  o f th e  e lu s te  c o n ta in e d  £ -b ro m o -n itro ­
benzene , and a  l a t e r  f r a c t io n  th e  unchanged b ro m o -e s te r  
(0 .4  g . 87)J #  Done o f the d e s ire d  p ro d u c t was o b ta in e d .
5 -Io d o -> ^ -n a p h th o ic  a c i d *- S i lv e r  s u lp h a te  (1 .0  g . )  was 
d is s o lv e d  i n  su lp h u ric  a c id  (40 m l. H2 SQ4 / 2  ml* w a te r)  
c o n ta in e d  i n  a  round-bottom ed f l a s k ,  and 1h e  s o lu t io n  
coo led  to  room te m p e ra tu re . ^  -H aph tho ic  a c id  ( 0 .8 6  g . ) 
and io d in e  (1 .5  g * ) were added and the whole s t i r r e d  
v io le n t ly  w ith  a  ta n ta lu m  s t i r r e r .  A f te r  two h o u rs  
carbon  te t r a c h lo r id e  (40 m l.)  was added and s t i r r i n g
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co n tin u ed  f o r  on© h o u r .
The s o lu t io n  was th e n  poured  in to  c o ld  w ater (300 m l.)  
and the s o l id s  f i l t e r e d  o f f .  More ca rb o n  t e t r a c h lo r id e  
was added to  th a t  co n ta in e d  in  the f i l t r a t e ,  and th e  aqueous 
la y e r  was se p a ra te d  and d is c a rd e d .
The s o l id s  and the  carbon  t e t r a c h lo r id e  were e x tra c te d  
w ith  p o tassiu m  h ydrox ide  and the e x t r a c t s  c h a rc o a le d . 
A c id i f ic a t io n  o f  th e  e x t r a c t  gave the c ru d e  a c id .  C r y s ta l l ­
i s a t i o n  o f  t h i s  p ro d u c t from  ace tone  gave 5 - Io d o - /^ -n a p h th o ic  
a o ld  a s  cream  n e e d le s  m .p . 253°C (1 .0  g .  6 6$ ).
The m ethy l e s t e r  was aga in  p re p a re d  by the a c t io n  o f 
m eth an o l and c o n c e n tra te d  s u lp h u r ic  a c id .  This gave 
5 - Io d o - /? -n a p h th o ic  m ethy l e s t e r  a s  cream  n e e d le s  m .p . 76°G
(1 .1  g . 7ZfO) .
5 - ( 2 '- I I I t r o p h e n y l)-  /^ -n a p h th o ic  m ethy l e s t e r . -  5 - I o d o - ^ -  
n ap h th o ic  m ethyl e s t e r  (1 .5 7  g . )  was h e a te d  a t  180°0 fb r  
one hour in  the p re se n ce  o f  £ -b ro m o -n itro b en zen e  (1 .0 1  g . ) 
and a c t iv a te d  copper powder (103) (0 .8  g . ) ,  th e  m ix tu re  
b e in g  v ig o ro u s ly  s t i r r e d .  The p ro d u c t was e x t r a c te d  w ith  
h o t  e th a n o l .  On c o o l in g , the  e x t r a c t  y ie ld e d  a y e llo w  
s o l i d .  He c r  ys t a l  l i s  a t  ion  o f  t h i s  compound from e th a n o l 
gave 5 - ( 2 ' -E ltro p h a n y l) - /f f -n a p h th o ic  m ethy l e s t e r  a s  y e llo w  
xhombs B .p . 170°C (0 .5 1  g .  33ji) (Hound: C, 7 0 .1 7 : H, 3 .9 7 :
S , 4 .7 4 .  C1 8H1 3 O4B r e q u i r e s  C, 7 0 .3 5 : H, 4 .2 6 : 5 .  4 .5 6 ^ ) .
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5- (2 '-Axaino p h e n y l) -  $  -n a p h th o ic  m ethyl e s t e r . -  5- ( 2  *- 
H itro p h jn y  1 ) - j 9 -n a p h th o ic  m ethyl e s te r  (0*89 g . ) was 
e a ta ly  t i c a l l y  reduced  by hydrogen  in  the p re se n ce  o f  
Haney n ic k e l  c a t a l y s t .  The s o lv e n t used in  the r e a c t io n  
was e th a n o l / e th y l  a c e ta te  ( 5 :1 ) .  T h e o re t ic a l  a b s o rp tio n  
o f  hydrogen  o ccu rred  in  2 h o u rs . On f i l t e r i n g  o f f  th© 
n ic k e l  and c o n c e n tr a t in g  the s o lu t io n  a w h ite  s o l id  was 
o b ta in e d . K e c r y s ta l l i s a t io n  from e th a n o l gave S -fB 1-  
A m inophenyl)- ^ -n a p h th o ic  .methyl e s t e r  a s  w h ite  n e e d le s  
m .p . 146°C (0 .6 4  g .  8 0 $ ). (Found: C# 7 8 .2 0 : Ht 5 .7 2 : 
tt9 5 .3 3 . C18H1 5 02H r e q u i r e s  C, 7 7 .9 6 : H, 5 .4 5 : Hf 5 .0 5 $ ) .
3-0arbome thoxy  f lu o ra n th e n e . -  5 - (2 * -Aminophenyl 
n ap h th o ic  m ethy l e s te r  (0 .4  g . )  was d is s o lv e d  i n  th e  
minimum o f  warm d i lu t e  s u lp h u r ic  a c id  (1  m l. s u lp h u r ic  
a c id :  9 m l. o f  w a te r)  The s o lu t io n  was coo led  to 0°C.
A s o lu t io n  o f  sodium n i t r i t e  (0 .1 3  g . ) i n  w a te r  (5 m l.)  
was slow ly  added . The s o lu t io n  became s l i g h t l y  y e llo w  
on the  a d d i t io n  o f  th e  n i t r i t e .  The s o lu t io n  was warmed 
on a  steam b a th  f b r  tw enty m in u te s . A san d y -co lo u red  
s o l id  was f i l t e r e d  o f f  w hich on r e c r y s t a l l i s a t i o n  from  
a c e t i c  ac id  gave 3 - Gar borne thoxy f lu o ra n th e n e  a s  f a i n t l y  
brown n e e d le s  m .p. 115°C. (Found: C, 8 2 .6 6 : H* 4 .8 1 . 
OigHigQg r e q u i r e s  C, 8 3 .0 6 : H, 4 .6 5 $ ) .
A nother p ro d u c t was a l s o  i s o la te d  from the crude  
p ro d u c t by c r y s t a l l i s a t i o n  from e th y l  a c e ta te  to g ive  
f a i n t l y  brown c r y s t a l s  m .p . 282°C. (Found: Ct 82 .82  
H, 4 .4 5 . C3 6 H2 6 0 4  r e q u i r e s  Ct 8 2 .7 : H, 5 .0 1 $ ) .
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SQMMABY
3-Me thoxy f lu o ra n th e n e  h a s  been sy n th e s is e d  from 
Cloves a c id  u s in g  a  method s im i la r  to t h a t  o f  S tubbs 
and Tucker. A f u r th e r  s y n th e s is  h a s  y ie ld e d  3 - Gar bo­
rne thoxy f lu o ra n th e n e  and work i s  b e in g  co n tin u ed  to  
c o n v e r t t h i s  compound in to  3-Me thoxy flu o ra n th e n e *
The in f r a - r e d  s p e c t r a  o f  the  methoxyf lu o ra n th e n e s  
a re  shown and an a ttem p t h as  been made to r e l a t e  p o s i t io n  
o f  s u b s t i t u t i o n  to  the spectrum  produced*
The u l t r a - v i o l e t  spectrum  o f  3-Me th o x y f lu o ra a  then* 
h a s  been shown to oonform to  1h e  p r in c ip l e s  o f  the  
s u b s t i tu t io n /s p e c t r u m  r e la t io n s h i p  d is c u s se d  by S tubbs 
and T u o k er(8 9 ).
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K i t r a t i o n  o f  c a rb a z o le  does not g ive  a  s in g le  p ro d u c t  -  
two isom ers  a re  p ro d u ced (1 0 4 ). 2he y i e ld  o f  X -n i t ro -  
c a rb a z o le  from d i r e c t  n i t r a t i o n  was always v e ry  low, and 
the  compound was only o b ta in e d  pu re  by a  te d io u s  p r o c e s s .
l a t e r  w orkers (38 )  succeeded i n  s e p a r a t in g  1 - n i t r o -  
c a rb a z o le  and 3 - n i t r o c a r b a z o le  by chrom atography. fhese  
w orkers  a l s o  s y n th e s is e d  1 -n i  t r o c a r  bazo le  as  ^ low below.
NO* WZ
Qhis method had the advan tage  t h a t  th e re  was no 
p o s s i b i l i t y  o f  3 - n i t r o c a r b a z o le  b e in g  formed* In­
d ep en d en tly  Campbell and MaeXean(107) a l s o  p re p a re d  
1 - n i t r o c a r b a z o le  by n i t r a t i o n  o f  3 :6 ~ d ib ro m o ca rb azo le .
f h i s  method o f  b lo c k in g  the 3- and 6- p o s i t i o n s  
h a s  been the b a s i s  o f  many p r o c e s s e s  f o r  the fe rm atio n
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o f  1 - n i t r o c a r b a z o le .  She b lo c k in g  group g e n e ra l ly  used 
was the  su lp h o n ic  g ro u p (105) (1 0 6 ).
fi!he su lp h o n a tio n  method in tro d u c e d  th e  d i f f i c u l t y  o f  
very  h ig h  m e l t in g  p ro d u c ts  w ith  no sharp  m e ltin g  p o in t .  
However, bo th  C a rb a z o le -3 :6 -d is u lp h o n ic  a c id  and C arbazole- 
3 : 6 : 8 - t r i s u l p h o n i c  ac id  have been p re p a re d .
In the p r o c e s s e s  m en tio n ed (105) (1 0 6 ),  i t  was claim ed 
t h a t  n i t r a t i o n  o f  th ese  su lphon ic  a c id s  and subsequen t 
d e su lp h o n a tio n  y ie ld e d  1 - n i t r o c a r b a z o le  i n  good y i e l d .  
However, few, i f  any, d e t a i l s  have been rec o rd e d  ab o u t 
the c o n d i t io n s  used fo r  n i t r a t i o n  and su b seq u en t h y d r o ly s i s .
Ohe p r e p a r a t io n  o f  Q - n i t r o - 1 :2 :3 :4 - t e t r a h y d r o c a r b a z o le  
by the ro u te  dbown below i s  w e ll  e s t a b l i s h e d ,
NH
NO 2
and the work o f  B arc lay  and C a n p b e ll(41) on the dehydro­
g e n a t io n  o f  t h i s  compound, h a s  shown t h i s  method to be 
the  b e s t  p r e p a r a t io n  a v a i l a b l e .
!flie use o f  c a rb a z o le  in  Ullmann type  r e a c t i o n s  h as  
been examined p re v io u s ly  by 5?ucker(108) (109) i n  a n  
e f f o r t  to  o b ta in  o p t i c a l l y  a c t i v e  t e r v a l e n t  n i t r o g e n  
compounds. By th e  Ullmann r e a c t i o n  and su b seq u en t P sch o rr
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c y c l i s a t i o n  a  num ber o f  l ; 9 - P h e i 3 y l e n e c a r b a z o le s  h av e  b e e n  
p r e p a r e d  b u t  a t  no time was i t  p o s s i b l e  to  s u n t h e s i s e  su c h  
a  compound w i t h  a  s u b s t i t u e n t  p l a c e d  u n s y m r a e t r i e a l ly  upon 
i  t .
An a t t e m p t  was made to  p r e p a r e  the  compound shown
below(108) by th e  r e a c t i o n  o f ,
\  /
c a rb a z o le  w ith  4 - c h lo r o - 3 - n i  tro b en zo n i t r i l e  to  y i e l d  9- 
( S ' - n i t r o ^ ' - c y a n o p h e r ^ l J - c a r b a z o l e .  S h is  p ro d u c t  was 
h y d ro ly sed  to  y i e ld  th e  f r e e  a c id .  She a c id ,  on 
su b seq u en t r e d u c t io n  and r in g  c lo s u re  y ie ld e d  th e  compound 
shown above b u t  only in  very  poor y i e l d .
I t  had a lso  been shown t h a t  l ;9 -P h e n y le n e c a rb a z o le  
could  be p rep a red  u s in g  1 - n i t r o c a r b a z o le  as  s t a r t i n g  
m a t e r i a l ( 1 0 9 ) .  Hhis showed th a t  i t  was p o s s i b l e  to
e f f e c t  r in g  c lo s u re  i n  th e  o p p o s i te  d i r e c t i o n  to t h a t  
used i n  th e  p re v io u s  paper*  Por t h i s  rea so n  i t  was 
dec ided  t o  attem pt th e  p r e p a r a t io n  o f  1 :9 -Pher\y lene- 
c a r b a z o le - 4 1-c a rb o x y l ie  a c id  u s in g  1 - n i t r o c a r b a z o le  as  
s t a r t i n g  m a te r ia l*
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DISOUSSIOg
An a tte m p t was f i r s t  made to  p re p a re  1 -n itro c a rb a z o le  
by th e  Bor ache type s y n th e s is  from  th e  £_- n i  t r  oph eny Ihy d r az on e 
o f  cy e lo h ex an o n e .
The te tra h y d ro c a rb a z o le  was o b ta in e d  from cyelohexanone 
o ^n ltro p h en y lh y d razo n e  by th e  a c t io n  o f  a  m ix tu re  o f  
s u lp h u r ic  a c id  and w a te r ( 1 :9 ) .  The y ie ld  o b ta in e d  in  
t h i s  way was a lm o st t h e o r e t i c a l .
D ehydrogenation  o f  t h i s  corapouhd was c a r r ie d  o u t a s  
d e s c r ib e d  by B arclay  and C a n p b e ll (4 l) .  A s l i g h t  m o d ifi­
c a t io n  was used  how ever. The tim e o f  r e a c t io n  was v a r ie d  
ffom  th re e  to  tw elve h o u rs  b u t In  a l l  c a s e s  th e  y ie ld  
o b ta in e d  was the same as  t h a t  o f  th e  p re v io u s  w o rk e rs .
The p ro d u c t was most r e a d i ly  p u r i f i e d  by chrom atography .
In  t h i s  way 1- n i t r o c a r b a z o le  was o b ta in e d  in  good 
y i e ld .
The su lp h o n a tio n  o f  c a rb a z o le  was a l s o  a tte m p te d . 
C a rb a z o le -3 : 6 :8 - t r i s u lp h o n ic  a c id  was p rep a red  by th e  
a c t io n  o f  c o n c e n tra te d  s u lp h u r ic  and m ercu ric  s u lp h a te  
on c a rb a z o le . The p ro d u c t was I s o la t e d  a s  i t s  p o tassiu m  
s a l t .
0 a rb a z o le -3 :6 -d ls u lp h o n le  ac id  was p rep a re d  by th e  
method o f  S ch u ltz  and H au en ste in (1 0 6 ) and was a g a in  
i s o l a t e d  a s  i t s  p o ta ss iu m  s a l t .
142 -
In  b o th  c a s e s  an a tte m p t was made to  n i t r a t e  the  
su lp h o n ic  a c id s  w ith o u t i s o la t lo n ( 1 0 6 ).
A ccording  to  the l i t e r a t u r e  t h i s  n i t r a t i o n  should  
go to  co m p le tio n  b u t l a t e r  work Showed t h a t  on ly  p a r t i a l  
n i t r a t i o n  had o cc u rre d  w ith  th e  c a r b a s o le - 3 :6 :8 - t r i s u l ­
phon ic a c id  and th a t  i n  the  o th e r  c a se  no n i t r a t i o n  o c c u rre d .
In  the ca se  o f p a r t i a l  n i t r a t i o n  i t  was found th a t  
h y d r o ly s is  i n  phosphoric  ac id  a t  a  te m p era tu re  o f  1S0°C 
i n  a  p re s s u re  tube y ie ld e d  a sm all amount o f 1 - n i t r o ­
ca rb a zo le *  Along w ith  th i s  p ro d u c t was i s o la te d  a 
q u a n t i ty  o f  c a rb a z o le .  In  the o th e r  In s ta n c e  on ly  
c a rb a z o le  was i s o l a t e d  a f t e r  h y d r o ly s is  a t  a  te m p e ra tu re  
o f  180°C u n d er p r e s s u r e .
H i t r a t io n  was th en  a ttem p ted  u s in g  fum ing n i t r i c  
a c id  i n  a c e t i c  a c id  a s  s o lv e n t .  B e flu x in g  f o r  th r e e  
h o u rs  a g a in  gave no n i t r a t i o n .  This was v e r i f i e d  by 
h y d ro ly s is  o f  the r e s u l t i n g  p ro d u c t to  ca rb azo le*
In  a  f i n a l  a t te m p t to n i t r a t e  c a rb a z o le -3 :6 -d i -  
su lp h o n ic  a c id ,  th e  compound was re f lu x e d  w ith  fum ing 
n i t r i c  fo r  one hour* A cream  w h ite  c r y s t a l l i n e  p ro d u c t 
r e s u l te d *  T h is was l :3 :6 :8 - f e t r a n i t r o c a r b a z o le *
Thus i t  seems t h a t  a  c o n s id e ra b le  amount o f  r e s e a rc h  
i n t o  the n i t r a t i o n  c o n d i t io n s  used  in  the o r i g i n a l  p a p e rs  
i s  e s s e n t i a l  b e fo re  t h i s  method can be used  to  p re p a re  
1 - n i  t ro  c a r  bazo 1  e •
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1 -D itro o a rb a z o le  was then  re a c te d  w ith  an e x c e ss
]> -iodo-benzo ie m ethyl e s t e r  a t  180°C i n  th e  p re se n c e  o f
copper b ronze and p o tassiu m  c a rb o n a te . IIo r e a c t io n
co u ld  be induced a t  t h i s  t e m p e r a t u r e  even a f t e r  h e a tin g
f o r  s ix  h o u rs .  fIhe te m p era tu re  o f  th e  r e a c t io n  was 
o
r a is e d  to 223 0 . In  t h i s  i n s t a n c e  r e a c t io n  d id  ta k e  
p la c e ,  and a f t e r  s ix  h o u rs  h e a tin g  a  b la c k  p ro d u c t was 
o b ta in e d , w hich , on c a r e f u l  c r y s t a l l i s a t i o n ,  y ie ld e d  a  
sm all q u a n t i ty  o f  l - n i t r o - 9 - ( 4 '-ca rb o m eth o x y p h en y l) 
c a rb azo le*  She y ie ld  o f  t h i s  compound was very  low 
and from th e s e  r e a c t io n s  i t  does seem to  in d ic a te  t h a t  
t h i s  r e a c t io n  can on ly  be induced w ith  g r e a t  d i f f i c u l ty *
U sing th e  method o f  Dunlop and 'la c k e r{108 ) 9 - (2  *- 
n i t r o p h e n y l )c a rb a z o le  was p rep a red  and t h i s  was co n v e rted  
to  th e  c o rre sp o n d in g  amine by re d u c tio n  w ith  h y d ra z in e  
in  th e  p re se n ce  o f  .aaney n i c k e l (1 1 0 ). 2 h is  gave an 
a lm o st t h e o r e t i c a l  y ie ld  o f  the cm ine.
D uring th e  use of t h i s  method an in v e s t ig a t io n  was 
made to  see i f  t h i s  m ight be used to g iv e  the  h a l f  r e ­
d u c tio n  o f  a  d in i t r o  compound* Using the amount o f  
h ydrazin e c a lc u la te d  f b r  the re d u c tio n  o f  on ly  one n l t r o  
group, an a tte m p t was made to  p rep a re  m - n i t r a n i l in e  from 
m -d in itro b e n z e n e • She p ro d u c t o b ta in ed  from t h i s  r e ­
a c t io n  was th e  azoxy benzene shown o v e r le a f*
'fh is  i s  i n t e r e s t i n g  s in o e  i t  does throw l i g h t  on th e  
ro u te  fo llo w ed  in  t h i s  red u c tio n *  \ t ie th e r  o r  n o t t h i s  
r e a c t io n  can be used  to  g ive m o no-reduction  i s  n o t 
d e f i n i t e l y  p ro v en , b u t by the i s o l a t i o n  o f  t h i s  i n t e r ­
m ed ia te  i t  does seem v e ry  l i k e ly  t h a t  the u se  o f  a  h a l f  
mole ex c e ss  o f  h y d ra z in e  co u ld  cause the  n e c e ssa ry  
c le a v a g e  o f  th e  above azoxy compound.
U sing the compound S - f E '- n i t r o p h e n y l lc a rb a z o le  
a t te m p ts  were made to  p roduce a  phen az in e  a s  shown below .
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fhe method used was th a t  o f  V ivian  and h i s  co -w o rk e rs (1 1 1 ) 
who employed a  f e r ro u s  o x a la te  r e d u c t io n .  fJ2i© system  
seem s, how ever, to  he too  s e n s i t iv e  fo r  t h i s  r e a c t io n  to 
be a p p l ie d ,  s in c e  c leav ag e  o f the  m olecu le o cc u rre d  to  
g iv e  c a rb a z o le  o n l^ .
A ttem pts to  use l - n i t r o - 9 - p h e r ^ l - c a r b a z o le  in  th is  
r e a c t io n  a l s o  f a i l e d ,  1 -n i t r o c a rb a z o le  b e in g  formed in  
good t f ie ld .
In  the  tim e a v a i la b le  i t  was n o t p o s s ib le  to  p ro ceed  
f u r th e r  w ith  th is  w ork. I t  does seem l i k e l y ,  how ever, 
t h a t  th e  d e s ire d  typ e  o f  compound m i^ i t  be su n th e s is e d  
from  l-M tro -9 -p h e A y  1 -c a r  b a z o le -d ’- c a rb o x ^ lic  m ethy l e s te r  
in  th e  manner shown below .
\  /
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l - f f i t r o - 5 :6 :7 :8 - te t r a h y d r o c a r b a z o le »- Cyelohexanone £ -  
n itro p h e n y lh y d ra z o n e  (2 .3 3  g . )  was re f lu x e d  in  a  m ix tu re  
o f  s u lp h u r ic  a c id  and w ater (1 :9 )  (50 ml*) f o r  th r e e  
hours*  T h is  y ie ld e d  a  dark  red  s o l id  w hich on c r y s t a l l ­
i s a t i o n  from m ethanol gave l - H i t r o - 5 :6 :7 :8 - te t r a h y d r o -  
c a rb a z o le  as re d  p rism s m .p. 148°C (1*95 g* 9 0 ^ ) .
1 -S i t r  oc arb  a z o le . -  l - H i t r o - 5 : 6 : 7 :8 - te tra h y d ro c a rb a z o le
(2*16 g . )  and c h lo r a n i l  (5*4 g * ) w ere re f lu x e d  in  xy lene  
(150 ml*) f o r  5 hours*  The r e s u l t i n g  d ark  s o l id  was 
washed th r e e  tim es  w ith  warm c a u s t ic  soda (5 ft)* She 
r e s id u e  was e x t ra c te d  w ith  benzene. She xy lene s o lu t io n  
was ev ap o ra ted  to d ry n ess  g iv in g  a  re d  o i l*  T h is was 
washed w ith  c a u s t ic  soda (5 IT)• The r e s id u e  was e x t r a c te d  
w ith  h o t benzene. The benzene e x t r a c t s  were combined and 
chrom atographed  on a lu m in a . The f i r s t  f r a c t i o n  y ie ld e d  
1 - f f i tro c a rb a z o le  a s  bronze yellow  p rism s  m*p* 186°C 
(1*2 g . 56>o)* A red  band was h e ld  f irm ly  on the column 
and was l a t e r  shown to be a  t r a c e  o f  r e s id u a l  1 - n i t r o -  
5 : 6 : 7 ;8 - te t r a h y d ro e a rb a z o le  m .p. 148°C.
C a rb a zo le -3 :6 :8 - t r 1su lp h o n ic  a c id  *- C arbazole (17 g . )
was d is s o lv e d  i n  c o n c e n tra te d  su lp h u r ic  a c id  (50 g*) 
c o n ta in in g  m ercu ric  su lp h a te  (0*15 g*)* This m ix tu re  
was th en  h ea ted  a t  100°C fo r  a  p e r io d  o f  3 hours*  The 
r e a c t io n  m ix tu re  was poured in to  w a te r  (300 m l.)  and a  
s a tu ra te d  s o lu t io n  o f  p o tassiu m  c h lo r id e  added. T h is
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y ie ld e d  Q a rb a z o le -3 :6 :8 - tr is u Ip h o n ic  a c id  a s  i t s  p o ta ss iu m  
s a l t  (35 g .  71p ) .
Q a rb a z o le -5 :6 -d isu lp h o n ic  a c id *- C arbazo le  (17 g*) was 
d is s o lv e d  in  c o n c e n tra te d  su lp h u r ic  a c id  (56 g* d * 1*84) 
and h ea ted  fo r  30 m in u tes  a t  100°0. She m ix tu re  was 
co o led  and poured in to  w a te r  (300 ml*)* A, s a tu r a te d  
s o lu t io n  o f  p o tassiu m  c h lo r id e  was th en  added (200 ml*)*
On e v a p o ra tio n  to  h a l f  bu lh  the p o ta ss iu m  s a l t  o f  C arb azo le - 
3 : 6 -d lsu lp h o n ic  a c id  was o b ta in ed  a s  w h ite  p rism s (26*2 g* 
7 ( $ ) .
l - S i t r o c a r b a z o le - 3 :6 :8 - t r i s u lp h o n ic  a c id ** C arbazo le  
(17 g«) was d is s o lv e d  i n  c o n c e n tra te d  s u lp h u r ic  a c id  
(50 g . )  and m ercu ric  s u lp h a te  (0*15 g .) was added*
2 h is  m ix tu re  was th en  h e a te d  a t  100°0 fo r  3 hours*
The r e a c t io n  m ix tu re  was th e n  coo led  to  room te m p e ra tu re  
and a  m ix tu re  o f  c o n c e n tra te d  su lp h u r ic  a c id  (11*6 g*) 
and c o n c e n tra te d  n i t r i c  a c id  (11*6 g . ) was slow ly dropped 
in* rihe tem p era tu re  was allow ed to  r i s e  f re e ly *  (Ehe
whole was th en  h e a te d  a t  100QC f o r  t h i r t y  m inutes*  She
r e a c t io n  m ix tu re  was poured in to  a  s a tu ra te d  aqueous 
s o lu t io n  o f  p o ta ss iu m  c h lo rid e *  5 h is  y ie ld e d  a  sm a ll 
amount o f  th e  p o ta ss iu m  s a l t  o f  1 - n i t r o c a r b a z o le - 3 :6 :8 -  
t r i s u lp h o n ic  a c id  la r g e ly  co n tam in ated  w ilh s t a r t i n g  
m a te r ia l*
H y d ro ly s is *- She above p ro d u c t (2*7 g . ) was t r e a te d  
w ith  a  m ix tu re  o f  p h o sp h o ric  a c id  and w a te r  (1 :1 )  (40 m l.)
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i n  a  s e a le d  tu b e  a t  180°C* She p ro d u c t was e x tra c te d  
w ith  benzene and e v a p o ra tio n  o f  th i s  e x t r a c t  gave a  
y e llo w  s o l id  w hich , on c r y s t a l l i s a t i o n  from  m ethanol 
gave a  sm all amount o f  1 -Iii t r o c a r  b&zole a s  y e llo w  p rism s 
m .p . 186° 0 (0 .1 1  g .  10}J .
1 - f f l t r o c a rb a z o le -3 : 6 -d is u lp h o n ic  a c id *- C arbazole (17 g * ) 
was d isu lp h o n a te d  by means o f  c o n c e n tra te d  su lp h u r ic  a c id  
a s  p re v io u s ly  d escrib ed *  fhe sulj>honation m ix tu re  was 
th e n  n i t r a t e d  u s in g  a  m ix tu re  o f  c o n c e n tra te d  su lp h u r ic  
a c id  (11*6 g«) and c o n c e n tra te d  n i t r i c  a c id  (11*6 g*) 
th e  whole b e in g  f i n a l l y  h e a te d  a t  100°C fo r  t h i r t y  
m inutes*  S h is  r e a c t io n  m ix tu re  was poured  in to  a  
s a tu r a te d  s o lu t io n  o f  p o ta ss iu m  c h lo r id e  to g iv e  a  
g re e n ish -y e llo w  p ro d u c t (40 g*)* tre a tm e n t o f  t h i s  
p ro d u c t (1*0 g . ) w ith  p h o sp h o ric  a c id  a t  180°C u n d er a  
p re s s u re  o f  8 atm ospheres y ie ld e d  c a rb a z o le  only* Shus 
no n i t r a t i o n  o f  the d isu lp h o n ic  a c id  had been e ffe c te d *
2he w e ig h t o f  c a rb a z o le  reco v e red  was (0*4 g* 90^)*
1 - f f l t ro c a rb a z o le -3 :6 -d ls u lp h o n ic  a c id *- She p o ta ss iu m
s a l t  o f  c a rb a z o le -3 :6 -d is u lp h o n ic  a c id  (3*8 g * ) was 
suspended i n  a c e t i c  a c id  (100 m l*) and fuming n i t r i c  
a c id  (1*0 g*) added* fbe m ix tu re  was re f lu x e d  f b r  
th r e e  hours*  S h is  y ie ld e d  a  l i g h t  ye llow  s o l id  
(4*0 g*)* H y d ro ly s is  o f  t h i s  m a te r ia l  a t  180°C u n d er 
a  p r e s s u re  o f  8 a tm ospheres a g a in  showed t h a t  no
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n i t r a t i o n  had been e f f e c te d  s in c e  only c a rb a z o le  was 
preduced*
1 : 3 :6 ; Q - ( 3 ? e t r a n i t r o c a r b a z o l 6 'ihe p o ta ss iu m  s a l t  o f  
c a rb a z o le -3 :6 -d is u lp h o n ic  a c id  (3*8 g * ) was added to  
fam ing n i t r i c  a c id  (100 ml*) and t i e  m ix tu re  was re  f lu x e d  
f a r  1̂ - hours*  She m ix tu re  was coo led  and allow ed  to  
ev a p o ra te  sloW ly. i h i s  gave a cream s o l i d ,  w hich, on 
reozy s t a l l !  s a t  io n  from a c e t i c  ac id  gave l ;3 ;6 :8 - ( g e t r a -  
n l t r o o a rb a z o le  as ye llow  p rism s m *p./>260°C (ex p lo s io n )*
9 - (2  >-A m in o p h en y lIca rb azo le*- 9 - ( 2 - H itr  opheny1 ) c a rb a z o le
(1*0 g * ) was suspended i n  e lh a n o l (50 m l*) and Haney n ic k e l  
(1*0 g . )  added* H ydrazine h y d ra te  (1*0 m l*) was th en  
In tro d u c e d  and th e  m ix tu re  warmed g e n tly  fo r  one hour*
She n ic k e l  was f i l t e r e d  o f f ,  and c o n c e n tr a t io n  gave 9 - (2 * -  
A m lnophenyl)c a rb a z o le  a s  cream  n e e d le s  m*p* IZI °G (0*85 g* 
9 6 $ ).
2 : 2 , -£ in itro a z o x y h e n z e n e *- l :3 - P in i t r o b e n z e n e  (1 .0  g*) 
was d is s o lv e d  in  e th a n o l (50 ml*) and Baney n ic k e l  (0 .5  g . )  
was added* H ydrazine h y d ra te  (0*33 g*) was th e n  i n t r o ­
duced and the m ix tu re  was warmed g e n tly  fo r  one hour*
She n ic k e l  was f i l t e r e d  o f f  and c o n c e n tra t io n  o f  th e  
yellow  s o lu t io n  th u s  o b ta in e d  gave 2 :2 f- I ) in i tro a z o x v -  
bonzene a s  cream  m ic ro - c r y s ta ls  m*p* 139°0* (Jound*
C, 50*02: H, 3 .0 4 : H, 19*69* r e q u i r e s  0 , 50*00:
Hv 2*8: S 9 1 9 .4 4 ^ ) .
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1-H i t r o - 9 - ( 4 1-carbom ethoxy p h e n y lic a rb a z o le *- 1 -H itro -
c a rb a z o le  (1*0 g .)  and £ -iodo-m ethy lbenzo& te  (2*5 g* ) 
were h ea te d  In  the  p re se n ce  o f  p o ta ss iu m  ca rb o n a te  
(1*0 g . )  and copper bronze (0 .1  g . )  f o r  s ix  h o u rs  a t  
223°C w ith  c o n s ta n t  s t i r r i n g .  fIhe r e s u l t i n g  p ro d u c t 
was steam  d i s t i l l e d  to  remove £-iodo-m e th y lb e n z o a te  and 
th e  r e s id u e  c r y s t a l l i s e d  from m ethyl cyan ide  to  y ie ld  
l - f f l t r o - 9 - ( 4 ^ ca rb o m e th o x y p h e n y lic a rb az o le  a s  ye llow  
p l a t e s  m .p. 168°C (0 .1 7  g .  1 0 (i tound:  C, 69 .59s 
H, 4 .2 1 : U, 8.00* ^£0^ 1 4 % %  r e q u ir e s  Cf 6 9 .3 6 : Hy 4 .0 7 :
Jff, 8 .0 9 $ ) .
F e rro u s  o x a la te  r e d u c t io n s . -  (a )  9 - ( 2 , -H itro p h e u y l)
c a rb a z o le  (0 .5  g . )  was mixed w ith  f e r ro u s  o x a la te  (0 .7  g . )
and h e a te d  to  270°0 . Ehe i n t e r n a l  te m p era tu re  ro s e  
o
r a p id ly  to  300 C. E x tra c t!o n  o f  the c o ld  p ro d u c t w ith  
ac e to n e  y ie ld e d  c a rb a z o le  (0 .2 5  g .  10$)*
(b )  1 - f f i t r 0 -9 -p h e n y lc a rb a z o le  (0*5 g* ) was mixed w ith  
f e r ro u s  o x a la te  (0 .7  g . ) and th e  m ix tu re  h ea ted  to 270°C. 
(She tem p era tu re  ag a in  ro se  r a p id ly  to 300°0 . E x tr a c t io n  
Of th e  c o ld  p ro d u c t w ith  ace to n e  gave a  y e llo w  s o lu t io n .  
T h is was e v a p o ra te d  and the y e llo w  p ro d u c t c r y s t a l l i s e d  
from  m ethano l to  g ive  1 -n itro c a rb a z o le  a s  y e llo w  p r ism s  
m .p . 186°C.
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